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THE HETEROPHILE ANTIGEN OF PNEUMOCOCCUS 


By WALTHER F. GOEBEL, THEODORE SHEDLOVSKY, GEORGE 
I. LAVIN, ann MARK H. ADAMS 
(From the Hospital of The Rockefeller Institute for Medical Research, New York) 


(Received for publication, October 23, 1942) 


The Forssman antigens may be defined as substances which have the 
common property of evoking sheep cell hemolysins when injected into 
rabbits. These antigens are widely distributed in nature. They are found 
in many forms of living matter, in the tissues of certain mammals, birds, 
and fish, in yeasts, and in bacteria of both the Gram-positive and Gram- 
negative group. The literature concerning the biological significance and 
distribution of Forssman and other heterophile antigens has been ably 
reviewed by Buchbinder (1); we shall therefore not attempt to present 
a résumé of the knowledge concerning these substances. The original 
view that the heterophile antigens of erythrocytes and of mammalian tissue 
were lipoidal in nature (2) was later modified, largely through the work of 
Landsteiner and Levene (3) and Brunius (4) who regarded the heterophile 
antigen of horse kidney as a complex consisting of a lipocarbohydrate in 
loose chemical combination with a protein. The entire complex is an- 


tigenic and its peculiar biological specificity is determined by the hapten 
(lipocarbohydrate) portion of the molecule. Whether heterophile antigens 
found in other mammalian tissue are of a similar nature cannot be stated 


with certainty. 

The chemical nature of the heterophile antigens derived from micro- 
organisms is fortunately better understood. Some years ago it was shown 
by Boivin and his collaborators (5) and by the English school of investi- 
gators (6) that antigenic lipocarbohydrates could be extracted from micro- 
organisms of the Gram-negative group. Later work by Morgan and Par- 
tridge (7) showed that in some instances such lipocarbohydrates evoked 
the formation of heterophile antibodies when injected into rabbits. Unlike 
the heterophile antigen of horse kidney, the purified lipocarbohydrates 
derived from Shigella dysenteriae (Shiga) and from Eberthella typhosa need 
not be combined with protein in order to function antigenically. 

In a series of investigations on the chemical nature and immunological 
properties of the heterophile antigen of pneumococcus, Bailey and Shorb 
(8) found the antigen, as it occurs in the intact cell, to be thermostable; 
the substance was destroyed, however, on boiling the microorganisms with 
acid or alkali. Digestion of pneumococci with proteolytic enzymes like- 
wise caused destruction of the antigen, although the natural autolytie en- 
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zymes did not. The successive extraction of pneumococci with organic 
solvents impairs the property of the organisms to stimulate sheep cell 
hemolysins in rabbits, as does solution of pneumococci in bile. These 
investigators likewise found that the nucleoprotein fraction of the cell was 
capable of evoking heterophile antibodies in rabbits, and observed that the 
somatic or C polysaccharide of pneumococcus precipitated the heterophile 
antibodies from antipneumococcal rabbit serum. Bailey and Shorb con- 
clude that ‘‘the complex responsible for the heterophile property of the 
organisms is very resistant to chemical manipulation with acid, alkali, 
alcohol and ether, and is either identical or closely bound to the so-called 
‘nucleoprotein’ fraction of the cell and its associated somatic carbohydrate.” 

In the following account it will be shown that the heterophile antigen 
of pneumococcus, hereafter designated as the F polysaccharide, is in reality 
a lipocarbohydrate intimately related to the C or cellular polysaccharide; 
it is firmly bound to the detritus of autolyzed pneumococci but can be 
separated by appropriate means. The heterophile antigen has been iso- 
lated as a water-soluble amorphous powder essentially free from protein 
and nucleic acid. It migrates electrophoretically as a homogeneous entity 
and is fully antigenic in rabbits, giving rise to antibodies which cause the 
lysis of sheep erythrocytes. It contains a carbohydrate moiety bound in 
firm chemical union to a fatty acid of high molecular weight. The lipid, 
which comprises some 6 per cent by weight, can be split off only by rigorous 
chemical treatment. The carbohydrate moiety is believed to be identical 
with the C polysaccharide (9) on the basis of the following chemical evi- 
dence and on the basis of considerable immunological data to be reported in 
a subsequent communication. The close analytical correlation between 
the two substances, and the percentage of reducing sugars, nitrogen, amino 
nitrogen, phosphorus, and amino sugars all support this concept. In 
addition, both the C and F carbohydrates liberate reducing sugars, inor- 
ganic phosphorus, and hexosamine amino nitrogen at about the same rate 
on acid hydrolysis. The high nitrogen content (6 per cent) of the two 
polysaccharides cannot be accounted for on the basis of the hexosamine 
liberated on acid hydrolysis (20 per cent); yet neither carbohydrate con- 
tains protein, purine nucleotides, nucleic acid, or polypeptides. This 
discrepancy may perhaps be accounted for by the fact that the hexosamine 
chain is singularly resistant to acid hydrolysis. This view is in part sup- 
ported by the fact that nearly all of the nitrogen present in the carbohy- 
drate is liberated on acid hydrolysis as amino nitrogen without production 
of the corresponding amount of hexosamine. It is also possible that both 
carbohydrates may contain an unidentified nitrogenous constituent, per- 
haps a pyrimidine; both show absorption in the ultraviolet and a small 
percentage of the total nitrogen cannot be accounted for as free hexosamine 


nitrogen. 
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In addition to hexosamine, both carbohydrates contain a second un- 
identified saccharide which can be detected by the Molisch reaction only 
after acid hydrolysis. This unidentified saccharide is neither ribose, desoxy- 
ribose, nor uronic acid, as determined by colorimetric tests. The or- 
ganically bound phosphorus of the two carbohydrates is in firm chemical 
union, as on acid hydrolysis phosphorus is liberated very slowly (Table 
V). 

The following is an account of the isolation and chemical properties of 
the heterophile antigen or F polysaccharide and its relationship to the 
somatic or C polysaccharide of pneumococcus. From the data presented 
in the experimental procedure it can be seen that both substances represent 
a unique class of carbohydrates, the nature of which can be elucidated only 
when more material is available. The serological and immunological prop- 
erties of the pneumococcus heterophile antigen will be described elsewhere. 


EXPERIMENTAL 


Antisera and Method of Determining Heterophile (F) Units—Heterophile 
antisera were obtained from rabbits immunized by the intravenous injec- 
tion of a heat-killed culture of a rough variant of pneumococcus Type I. 
The rabbits were given six daily doses of bacteria totaling 60 cc. of origi- 
nal culture. After a period of 1 week, the course of immunization was 
repeated. 4 days after the last injection the animals were bled and the 
number of hemolytic units per cc. of serum determined. Sera containing 
from 200 to 400 hemolytic units per ec. were frequently encountered and 
used for subsequent work. Potent heterophile antisera usually contain 
considerable amounts of C precipitins as well. 

During the preparation of the heterophile antigen from pneumococcus 
autolysates it was necessary to determine quantitatively the amount of 
active material or heterophile units present in a given fraction. This was 
done by means of the so called “hemolysis inhibition test” (10). Serial 
dilutions of the fraction to be tested were made in isotonic salt solution. 
0.5 ec. portions of the latter were added to 2 units of the test serum con- 
tained in 0.5 ce. of saline and the mixture incubated for 30 minutes. 2 
units of fresh guinea pig complement in 0.5 ec. of saline and 1 drop of 50 
per cent sheep cells were now added. The tubes were again incubated and 
at the end of 30 minutes centrifuged. The last tube in which no hemolysis 
appeared, as indicated by the absence of free hemoglobin, was taken as the 
end-point. This tube contained, by arbitrary definition, 1 unit of hetero- 
phile substance. The total number of units in the original solution can in 
this manner be determined with fair precision, and the procedure makes it 
possible to follow the purification and fractionation of the heterophile sub- 
stance in the material studied. 

Separation of F and C Polysaccharides—The bacteria from 10 hour cul- 
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tures of a rough variant of Type I pneumococcus grown in meat infusion 
broth containing 2 per cent peptone and 0.5 per cent glucose were collected 
under sterile conditions in a Sharples centrifuge. 50 liters of bacterial 
culture were handled at one time. The microorganisms were suspended 
in | liter of 0.05 mM sodium acetate and allowed to autolyze for 72 hours in 
the presence of a small amount of toluene. A stained preparation of the 
bacterial cells showed no formed elements, only bacterial detritus. The 
latter was precipitated, together with some nucleoprotein and nucleic acid, 
by adjusting the pH of the autolysate to 4.5. After centrifugation, the 
clear supernatant (containing the cellular, or C polysaccharide) was sep- 
arated from the bulky precipitate containing the F antigen. The latter 
was thoroughly washed, three times as a rule, by suspension in 0.05 M 
acetate buffer at pH 4.5 followed by centrifugation. In this manner the 
precipitate can be washed completely free from the C polvsaeccharide as 
determined by serological test. 

The detritus, containing the F antigen, and the supernatant liquid, con- 
taining the cellular, or C, polysaccharide from 500 liters of bacterial cul 
ture, were collected before subsequent purification was undertaken. 

Purification of C Polysaccharide—The yellow solution containing the C 
polysaccharide was concentrated to 300 ce. in vacuo and 3 volumes of aleo- 
hol were added. After 48 hours the crude C polysaccharide was separated 
by centrifugation, dissolved in water, and dialvzed | week in cellophane 
sacs against successive changes of distilled water. Much inert material, 
including salts, pigment, and some nucleic acid, passed through the mem- 
brane. The material remaining in the dialyzing sacs is nearly colorless, 
and contains all of the C polysaccharide and a small amount of insoluble 
matter. The latter is separated by centrifugation and the clear super- 
natant liquid is deproteinized by shaking with chloroform and octyl aleo- 
hol. The solution containing the C carbohydrate is concentrated in vacuo 
to 50 ce. l0ce. of 10 per cent CuSO, are added and the pH of the solution 
adjusted to 5.10. After the solution has stood overnight, small amounts 
of the copper salt of nucleic acid and copper proteinate are separated by 
centrifugation at 25,000 r.p.m. for 20 minutes. ‘The solution is adjusted to 
pH 2.0, dialyzed to remove most of the copper, and finally electrodialyzed. 
The clear pale vellow solution is concentrated to 30 ce. in vacuo and slowly 
added to 1 liter of acetone. The precipitated polysaccharide is collected 
and dried. 5.5 to 6.0 gm. are obtained from the autolvzed bacteria derived 
from 500 liters of culture. Several preparations have been made according 
to the above procedure and the C carbohydrate fractions show similar 
analytical values. 

Purification of F Polysaccharide—The detritus collected from 500 liters 
of bacterial culture was suspended in 3 liters of 0.05 mM phosphate buffer 
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at pH 8.0 and 0.5 gm. of commercial trypsin was added. The mixture was 
incubated at 37° for 5 or 6 days with toluene as preservative. Much of the 
solid material passes into solution, and the digest takes on the appearance 
of diluted milk. The solution is concentrated in vacuo to 500 ec. and dia- 
lyzed at 0° for | week in cellophane membranes. The digestion with tryp- 
sin and subsequent dialysis result in no loss of F substance as determined 
by the hemolysis inhibition test, although fully 80 per cent by weight of the 
original detritus has been converted to an inactive dialyzable material. 

If at this juncture a portion of the contents of the dialysis sac is dried, 
it is apparent that the material is fatty in nature. The substance is also 
rich in F polysaccharide and contains about 10 units per mg. When a 
solution of this milky suspension was ultracentrifuged at 25,000 r.p.m. for 
10 minutes, the clear supernatant liquid was found to contain only 10 per 
cent of the total number of F units. The remaining 90 per cent of F sub- 
stance was firmly bound to the particulate and sedimented matter. The 
I earbohydrate cannot at this juncture be extracted either with water or 
with organie solvents, such as diethylene glycol, ethyl or methyl alcohol, 
glacial acetic acid, benzene, petroleum ether, chloroform, or ether. The 
active material can be partially extracted with aqueous pyridine but such 
solutions contain considerable quantities of nucleic acid and nucleoprotein, 
The F polysaccharide can be readily dissociated from the detritus, however, 
after extraction with alecohol-ether or with acetone. In this manner the 
free lipid, some 50 per cent by weight of the detritus, goes into solution, 
but the heterophile antigen remains associated with the insoluble material. 
If the latter be now suspended in distilled water, the heterophile antigen 
readily dissolves, together with some nucleoprotein and nucleic acid. The 
insoluble material can be separated by centrifugation, leaving the hetero- 
phile antigen in solution. 

As a result of the above observation, the bulk of the material from the 
tryptic digest was treated as follows: The milky suspension was concen- 
trated to 200 ce. 7n vacuo and the mixture poured into 4 liters of acetone. 
\fter shaking for 24 hours, the solid matter was separated by centrifuga- 
tion, resuspended in 200 ec. of water, and again extracted with 4 liters of 
acetone. The solid material was finally boiled for 1 hour in a liter of al- 
ecohol-ether (3:1) and filtered in a sintered glass funnel. This defatted 
detritus, weighing 5 gm., and containing about 20 units of F carbohydrate 
per mg., was suspended in 200 ec. of water and a little toluene added. The 
tube was shaken for 24 hours, and then centrifuged for 20 minutes at 25,000 
r.p.M. The pale vellow, slightly opalescent supernatant liquid was saved, 
and the extraction repeated. The combined aqueous extracts were con- 
centrated to 50 ec. and treated with CuSO, at pH 5.10. Nucleie acid and 
protein were precipitated as the copper salts and separated by centrifuga- 
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tion. The supernatant liquid containing the F polysaccharide was elec- 
trodialyzed and the carbohydrate isolated exactly as in the case of the C 
polysaccharide. The detritus from 500 liters of bacterial culture vields 
about 500 to 700 mg. of the active heterophile lipocarbohydrate. 
Properties of C and F Polysaccharides—The C polysaccharide originally 
isolated in these laboratories (9) was derived from a rough variant of Type 
IT pneumococcus. The substance was found to be a nitrogenous dextro- 
rotatory carbohydrate and was designated as the species specific polysac- 
charide, since it appeared to be common to all the pneumococcal types. 
Our observations were later confirmed by Heidelberger and Kendall (11) 
who obtained the cellular polysaccharide from Types I, II, and IV pneu- 
mococci. In addition these investigators showed that the carbohydrate 
contained some 4 per cent of organically bound phosphorus. We have 
now isolated the species specific polysaccharide from a rough variant of 
Type I pneumococcus and found it to be essentially identical with the C 


TABLE I 


Analytical Constants of C and F Polysaccharides 


Poly- : Reduc 
saccha- Ash le), ( H N NH P Acetyl reper sugars 
ride imine calculate 
48 giuc 
per cent degree per cent percent percent percent percent per cent ber cent per cent 
C 0.79 | +61.3 | 44.01 6.81 5.91 1.14 4.47 13.08 21.8 50.6 
F 0.61 | +68.9 45.12 7.11 5.61 0.99 4.75 | 13.15 21.6 12.8 


-arbohydrate obtained previously from cultures of Type II R pneumococ 
cus, 

The F polysaccharide obtained from autolysates of pneumococcus Type 
I has many properties in common with the C polysaccharide. Neither 
‘arbohydrate is precipitated by the salts of heavy metals such as Ag*, 
Cut+, Hg*+*+, Ba*++, but both are precipitated by phosphotungstie and 
tannic acids. Neither carbohydrate is dialyzable or gives a biuret test 
or a test for ribose, desoxyribose, or purines (murexide). Both carbohy- 
drates are free of aromatic amino acids and nucleic acid as determined by 
spectroscopic analysis. Both carbohydrates precipitate in C antiserum 
in dilutions of 1:2 million and the specific precipitability of each is de- 
stroyed by the action of nitrous acid. Furthermore, the carbohydrates 
show analytical values (Table I) which are surprisingly alike. 

Despite these similarities there are certain points of difference which 
distinguish the C and F polysaccharides. Solutions of the F carbohydrate 
foam on shaking but those of the C substance do not. When boiled with 
mineral acid or when treated with nitrous acid, the F substance deposits a 
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fat-like precipitate which can be extracted with chloroform; solutions of 
the C substance remain clear. Moreoever, as will be shown below, the two 
carbohydrates can be readily distinguished from one another by electro- 
phoresis. The most striking difference exhibited by these two substances 
is the following: in hemolysis inhibition tests the F substance inhibits the 
lysis of sheep cells in quantities as small as 2 y, whereas 1000 times this 
amount of C substance is necessary to cause hemolysis inhibition (Table 
II). And finally, it can be seen from Table I that the F substance has a 
slightly higher carbon content and vields slightly less reducing sugars on 
hvdrolvsis than does the C substance. Because of the close relationship 
between the C and F carbohydrates and for reasons given below, we regard 
the heterophile antigen as a lipocarbohydrate constituted from a poly- 
saccharide moiety identical with that of the C polysaccharide to which a 
lipid is bound in firm chemical union. The remarkable stability of the 


TaBe II 
Inhibition of Hemolysins in Pneumococcal Heterophile Antiserum 
0 = complete hemolysis inhibition; ++++ = complete lysis, or no hemolysis 


inhibition 


Dilution of substance tested 


Polvsac 

tested 12500) 1:1000 1:2000 1:4000 1:800011:16,000 1:32,090) 1:64,000 = 1:128,000 1:250,090  1:512,000 
C ~ te ee tt tet ttt tit ttt ttt +t+4+F+ 
I 0 Q) 0 0 0 0 0 0 0 0 + 


lipid-earbohydrate union has made it impossible to dissociate the lipid 
from the carbohydrate moiety in such a way as to leave the latter intact. 

Electrophoresis The many similarities between the C and F polvsae- 
charides add special interest to ascertaining points of difference. Accord- 
ingly, electrophoretic studies were carried out with the aid of the Tiselius 
apparatus. The technique has been described elsewhere in detail (12). 
experiments with the F and C polysaccharides were carried out over a 
range of pH values at a constant ionic strength of 0.05, with the mono- 
valent lithium buffers, acetate, cacodylate, and diethylbarbiturate. 

It was found that purified preparations of the F and C substances ap- 
pear as single electrophoretic components. Fig. 1 shows typical electro- 
phoretie patterns of both rising and descending boundaries obtained with 
these polysaccharides. In the case illustrated, the pH of the solutions 
was 7.85, and the time of electrolysis was 134 minutes for the F substance 
and 96 minutes for the C substance. The migrations were anodic and the 
corresponding mobilities were 1.7 & 10-° and 2.2 K 10° em. per sec. per 
volt per em. for the F and C carbohydrates respectively. The arrows in 
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the figure indicate the original positions of the boundaries before the flow 
of current was started. The boundaries marked ¢ and 6, which remain 
practically immobile with the buffers used, do not correspond to any sepa- 
rate components but are due to concentration changes, the nature of which 
is known (13). However, the relatively large magnitude of these bounda- 
ries in the case of C polysaccharide, suggested the possibility of an immo- 


bile component being present. This, however, was ruled out by recovering 
F 
6 € 
{ { 
C 
i € 
AE aa 
rising descending 


Fig. | electrophoretic patterns of F and ( polyvs iecharides 


hig. 2. Mobilitv-pll curves of F and © polysaccharides 


from the cell portions of solution associated with the immobile as well as 
with the mobile “peaks,” and finding the C carbohydrate in the latter 
but not in the former fraction. 

In addition to exhibiting a decided difference in mobility, it will be noted 
that the pattern for C carbohydrate shows a marked asymmetry in the 
descending boundary, and considerably more boundary spreading than 
does the pattern for F polvsaccharide. It is therefore ey ident that the two 
materials ean be readily distinguished from each other by electrophoresis. 

In Fig. 2 is shown a comparison of mebility curves as a function of pH 
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for the F and C polysaccharides. Although experiments at only two values 
of pH were made on C polysaccharide, the indications are that the curves 
appear to run parallel, at least for a considerable range. 

Ultraviolet Absorption Spectra—In order to ascertain whether the C and 
F polysaccharides are contaminated with small quantities of protein or 
nucleic acid, solutions of the two substances were examined spectroscopi- 
cally. The curves (Fig. 3) were obtained with the aid of a Spekker spectro- 
photometer and a small Hilger quartz spectrograph with a tungsten steel 
spark as the light source. It can be seen that the absorption maximum of 
the C polysaccharide is at approximately 2675 A. and that of the F poly- 
saccharide is at 2625 A. Both minima are at about 2525 A. 





o-f polysacchamde 
. Cc 


300 2400 2500 2800 2700 2800 2900 
A(A) 


Fic. 3. Ultraviolet absorption curves of F and C polysaccharides 


Since no tests can be obtained for ribose, desoxyribose, or purines, it is 
believed that the absorption curves shown in Fig. 3 are not due to con- 
taminating nucleic acid or nucleotides. 

The nature of the constituents present in both the C and F polysac- 
charides which give rise to the absorption is at present not known. It 
can be pointed out, however, that the polysaccharides obtained from the 
enzymatic degradation of globoglycoid and seroglycoid (14) contain un- 
known constituents which give absorption curves similar to those obtained 
from fractions of the C and F polysaccharides from pneumococci. 

Hydrolysis of C and F Polysaccharides. Reducing Sugars—Samples of 
C and F polysaccharides (4 mg. per ec.) were dissolved in 1 N HCl and hy- 
drolyzed in sealed tubes for varying time intervals. The samples were 
removed, neutralized, and analyzed for reducing sugars by the Hanes 
modifieation of the Hagedorn-Jensen method (15). During the hydrolysis 
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the tubes containing the C polysaccharide darkened but remained clear. 
The tube containing the F carbohydrate became cloudy and after 10 min- 
utes a precipitate appeared and persisted throughout the hydrolysis. The 
percentage of reducing sugars at varying time intervals is given in Table 
III. Here it can be seen that the C carbohydrate vields roughly 8 per cent 
more reducing sugars than does the F polysaccharide. The carbohydrates 
are rapidly and completely hydrolyzed in 5 hours. Prolonged hydrolysis 
or hydrolysis with stronger acids (up to 6 N) failed to cause an increase 


TABLE ITI 
Reducing Sugars Liberated from Ay and fF Pol ysaccha ides on Ae ad H ydroly: fs 


Reducing sugars ‘calculat s 1 amine 
C polysace te I ccharid 
mi? ’ 
30 12.2 31.9 
60 17.1 86.5 
120 50.9 39.8 
240 50.6 12.1 
360 50.6 12.8 
‘| ABLI 1\ 
Lihe ration of iv no \ lirogen from (' and F Pol fSace har des ; lerd H yadrolus 
Ar 
lime 
{ cha 
0 10S 1 06 
30 » 69 2 98 
60 3.31 2.92 
120 ».4¢@ 4 
330 }. 28 Sas 
LOSO 1.28 '. 22 


either in the reducing sugars, glucosamine, or amino nitrogen values re- 
corded in Tables IIT and LV. 

Amino Nitrogen — Both the C and F earbohydrates contain free amino 
groups, | nitrogen atom out of every 5 or 6 being in the free amino form, 
The increase in amino nitrogen was followed during acid hydrolysis by the 
Van Slyke method (16); the data in Table IV show that a steady increase 
occurs until approximately three-fourths of the total nitrogen is in the free 
amino form. The liberation of amino nitrogen from the C polysaccharide 
after 2 hours occurs at a faster rate than from the F substance. The reason 
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for this is not known, nor is it understood why all of the nitrogen does not 
appear as amino nitrogen if the carbohydrate is a polyglucosamine deriva- 
tive. 

Acetic Acid-—Hydrolysis of the C polysaccharide is accompanied by the 
liberation of a volatile organic acid, identified as acetic acid by analysis of 
the silver salt. Both the C and F polysaccharides have been found to con- 
tain some 13 per cent of acetyl. 

It has been shown that the two carbohydrates vield reducing sugars on 
hydrolysis. Determinations of the amount of free amino sugars (17) were 
made on the hydrolysis product from each carbohydrate and were found to 
be 21.8 per cent and 21.6 per cent (calculated as glucosamine) for the C and 
F polysaccharide respectively. In each instance the percentage of glu- 
cosamine reached a maximum after 30 minutes, or long before the maximum 
of total reducing sugars had been reached. Prolonged boiling or boiling 
the carbohydrates with stronger acid (6 N) for many hours failed to show 
any increase over the above values. Attempts at isolating crystalline 
glucosamine hydrochloride from the hydrolysis products were unsuccessful. 

Amino Acids—Neither the C nor F polysaccharides give color tests for 
the usual aromatic amino acids. In order to ascertain whether the carbo- 
hydrates contained aliphatic a-amino acids in peptide union, samples were 
hydrolyzed for 24 hours at 100° with 6N HCl. Gasometric determinations 
of carboxyl groups by the method of Van Slyke ef al. (18) showed that no 
free a-amino acids were present in the hydrolysate. 

Liberation of Phosphoric Acid—Samples of the C and F carbohydrates 
were dissolved in | N HCl so that the concentration was 1.0 mg. per ee. 
Sealed tubes containing | ee. were heated at 100° for varying periods of 
time. The samples were removed, neutralized, and the inorganic phos- 
phorus determined by the method of Kuttner and Cohen (19). The re- 
sults, given in Table V, are stated in terms of micrograms of inorganic 
phosphorus per mg. of carbohydrate and as per cent of total phosphorus 
in the inorganic form. From the data presented it is apparent that in 
both carbohydrates the liberation of phosphorus takes place very slowly 
and at approximately the same rate. 

Further Fractionation of F Carbohydrate—To test the possibility that the 
I polysaccharide is contaminated by the C carbohydrate, fractionation of 
the F substance by selective adsorption on activated alumina was under- 
taken. The carbohydrate can be adsorbed at pH values below 7.0 and 
eluted at higher values of pH. 300 mg. of F substance were dissolved in 
150 ce. of acetate buffer at pH 5.6. 300 mg. of alumina (Al,O;) suspended 
in 150 ec. of the same buffer were added; the mixture was stirred for 1 
hour and centrifuged. ‘Titration of the supernatant revealed that 90 per 
cent of the active carbohydrate had been adsorbed. The alumina was now 
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washed with the same buffer and then suspended in 100 cc. of 0.1 M Nae- 
HPO,. The mixture was stirred for 1 hour and then centrifuged. The 
precipitate was washed with 50 ec. of buffer, and eluted a second time. 
Both fractions were dialyzed until free of phosphate and the carbohydrates 
recovered in the usual manner. ‘The first fraction vielded 105 mg. or one- 
third of the original carbohydrate. The second fraction yielded 53 mg. 
or one-sixth of the total. Both fractions and the original carbohydrates 
were tested for their capacity to inhibit the hemolysis of sheep cells by anti- 
serum. Each fraction showed exactly the same activity on a dry weight 
basis as did the parent substance. From the results of these experiments 
one can conclude that the F polysaccharide is homogeneous by the above 


TABLE V 


Liberation of Phosphorus from C and F Polysaccharides on Acid Hydrolysis 


C carbohydrat F carbohydrate 
Time 
Phosphorus Per cent phosphorus Phosphorus Per cent phosphorus 
hr 7 ¥ 
0.0 0 0 1.0 2.1 
0.5 1.15 2.6 1.9 1.0 
1.0 2.05 +.6 2.85 6.0 
2.0 3.75 8.4 t.2 8.8 
3.0 5.15 11.5 
4.0 7.6 16.0 
5.0 8.2 18.3 
7.0 11.8 24.8 
15.0 18.9 39.8 19.0 10.0 
26.0 21.0 17.0 21.0 14.2 
48.0 25.0 56.0 26.0 59.0 


criterion. This evidence confirms that derived from electrophoretic meas- 
urements indicating that the F polysaccharide is not grossly contaminated 
with the C carbohydrate. 

Stability of F Carbohydrate to H*+ and OH~—-In order to determine the 
pH stability range of the F carbohydrate 0.5 mg. samples contained in 10 
ec. of glycine-NaOH and glycine-HC! buffers were heated for 30 minutes 
at 100°. Appropriate dilutions of the samples were made and their ability 
to cause hemolysis inhibition and precipitation in antiserum determined. 
The results are given in Tables VI and VII. 

From the results given in Tables VI and VII it is seen that the F carbo- 
hydrate is remarkably stable toward hydrogen and hydroxyl ions, even at 
elevated temperatures. It is not possible to remove by acid or alkaline 
hydrolysis the grouping responsible for hemolysis inhibition and at the same 
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time to retain the precipitating carbohydrate moiety intact. We have also 
found that it is not possible to destroy the immunological activity of the 
carbohydrate by enzymes such as phosphatase, papain, pepsin, trypsin, 
chymotrypsin, ribonuclease, or the pneumococcus autolytic ferment (20). 

Isolation of Fatty Acid from F Carbohydrate—288 mg. of the F carbohy- 
drate were boiled for 2 hours with 30 cc. of 1N HCl. The solution darkened 


TABLE VI 
Inhibition of Hemolysins in Pneumococcal Heterophile Antiserum by F Polysaccharide 
after Heating at Various Values of pH 


0 = complete hemolysis inhibition; ++++ = complete lysis, or no hemolysis 


inhibition. 


F carbohydrate Concentration of F carbohydrate tested 


heated 30 min 





at pH 1:2 ), 000 140,000 1:80,000 ; 1:160,000 1:320,000 1:640,000 
1.13 $+++ | +++ | +++ | ee | Pe.) Oe 
1.97 + + + +t TT PTT? 
2.80 0 0 0 0 0 ++ 
7.00 0 0 0 0 0 ++ 
9.54 + ++ ++¢& $+++h | $404 | +479 
11.89 $$t+ | +444 | +444 | $349 | Oe? ) OOS 
TaBLe VII 


Precipitation of F Polysaccharide in Pneumococcus R Antiserum after Heating 
at Various Values of pH 


+++ = heavy disk-like precipitate; 0 = no precipitation. 


F carbohydrate Final concentration of F carbohydrate tested 


heated 30 min = 


at pH 1:50, 000 1:250, 000 1:500,000 1:1,000,000 
1.13 + 0 0 0 
1.97 +++ +++ ++ ++ 
2.80 +++ +++ +++ +++ 
7.00 +++ ++T+ +++ ++ 
9.54 ++ r? ++ ++ 

) 


11.89 + 0 0 


somewhat and a flocculent precipitate appeared. The mixture was ex- 
tracted with purified chloroform and then ether. The two extracts were 
dried with sodium sulfate and evaporated in vacuo to dryness, giving 18.7 
mg. of pale yellow fatty substance which was soluble in chloroform, ether, 
and petroleum ether. This material, which comprised 6.5 per cent by 
weight of carbohydrate, partially crystallized on standing. It contained 
78.2 per cent carbon and no nitrogen or phosphorus. 
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An alcoholic solution of 18.7 mg. of the lipid on titration with n/70 
NaOH with phenolphthalein as indicator required 3.52 ec. for neutraliza- 
tion. The lipid is apparently a fatty acid with an acid equivalent of 372. 
It melted rather sharply at 39-41°. Because of the fact that such small 
quantities of material were available, it was not possible to characterize 
the fatty acid. The carbon analysis and acid equivalent correspond to a 
Cx acid, but whether the material is a single substance, or a mixture of 
fatty acids, cannot be said. 

Hydrolysis of 0.3 gm. of C carbohydrate vielded only 0.9 mg. of a chloro- 
form-soluble lipid, or 0.3 per cent by weight of the parent substance. It is 
obvious that the C carbohydrate contains only negligible quantities of 
bound lipids. In conclusion, it can be said that the isolation of a fatty 
acid from the hydrolysis products of the F polysaccharide distinguishes this 
substance from its analogue, the C polysaccharide. It is probably the 
chemically bound fatty acid which endows the F carbohydrate with its 
unusual chemical and immunological properties. 


SUMMARY 


1. Methods for the isolation and purification of the C and F polysae- 
charides of pneumococcus are given, 
2. A comparison of the physical and chemical properties of these two 


substances is made. 
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THE CHICK 
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(Received for publication, January 11, 1943) 


The purpose of the present report is to place on record experiments con- 
ducted in a continuation of studies on creatine formation in the chick. 
The methods employed were in general the same as those previously de- 
seribed (1). 

Creatinine—Two experiments were conducted to determine whether creat- 
inine administered by intramuscular injection would produce the same 
growth response and elevation of muscle creatine found when creatinine 
was given in the diet. Creatinine was injected into the breast muscle of 
chicks maintained on the basal diet (1) in the amount of 1 ce. of a 5 per 
cent solution (50 mg. of creatinine) daily. This was continued for 18 
days in one experiment and 23 days in the second. Composite tissue 
samples were taken for creatine determination. The results are given in 
Table I. 

It is evident that injected creatinine increases both the rate of gain and 
the muscle creatine content to much the same extent as was reported in 
the case of dietary creatinine (1). This fact strengthens the probability 
that the results are truly metabolic and not due to incidental effects, such 
as a possible conversion of creatinine to creatine by action of the intes- 
tinal flora. 

Hydantoic Acid—Experiments were next conducted to investigate the 
possibility that hydantoic acid might be converted by the chick to glycocy- 
amine through exchange of the oxygen of the ureido group for an imino 
group, a process which the chick is apparently able to complete in the 
utilization of citrulline as a substitute for arginine (2). Such conversion 
of hydantoic acid, if appreciable, should lead to similar growth-promoting 
and creatine-elevating effects as observed with glycocyamine (1). The 
diet used was a synthetic type similar to diets described elsewhere (3), 
and contained 25 per cent of washed casein plus 0.5 per cent of arginine 
monohydrochloride as the sole source of amino acids. At the conclusion 
of the experiment, composite samples were taken of breast muscle, liver, 
and kidney tissue. 

The results given in Table II show quite plainly that feeding hydantoic 
acid caused no appreciable difference in any respect from the results ob- 
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tained with the basal group. On the other hand, glycocyamine caused a 
large increase in muscle creatine content and a several fold increase in liver 
creatine content, as well as a distinct acceleration of growth rate. All of 
these effects of glycocyamine, although obtained with a different basal 
diet in this case, are in agreement with our previous report (1). Evidently, 


TABLE | 
Effect of Injected Creatinine on Rate of Growth and Muscle Creatine Content of Chicks 


Creatine content ol 


Experiment Group No Creatinine injection Basal gain made eanat anuaetat 
per cent m @ per om 
\ 1 No 100 3.64 
2 Yes 179 t.SS 
B I No 100 4.18 
2 Yes 126 §.32 


* Corrected for specific creatinine 


TABLE II 


Effects of Hydantoic Acid and of Glycocyamine on Rate of Growth and Tissue Creatine 


Content of Chicks 


Supplement to basal diet Level in diet Tissue ’ ee a ¢ Basal gain made 
per cent me. per em per cent 
None Breast muscle 3.59 100 
Liver 0.36 
Kidney 0.37 
Hydantoie acid 1.0 Breast muscle 3.35 O4 
Live 0.38 
Kidney 0.37 
Glycoevamine 1.0 Breast muscle 5.15 130 
Liver 1.78 
Kidney 0.59 


* Creatine plus creatinine calculated as creatine 


hydantoic acid has no appreciable utility in the processes of creatine forma- 
tion in the chick, as well as in the rat (4). 

Choline and Methionine—It has been found possible, by withholding gly- 
cine and arginine from the diet, to demonstrate the réle of these amino 
acids in growth and creatine formation in the chick. Since a methyl donor 
undoubtedly participates in the final stages of creatine synthesis, experi- 
ments were next conducted in which the effects of dietary deficiencies of 
choline and methionine on muscle creatine were studied. 

Chicks were placed at hatching time on a low choline diet (5). The lot 
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of diet used was known by previous test to cause the development of severe 
perosis from choline deficiency. A similar group of chicks of the same 
hatch was fed the low choline diet plus 0.2 per cent of choline chloride. 
After 3 weeks, choline deficiency as indicated by incipient perosis was 
present in the first group. Composite breast muscle samples from each 
group were analyzed for creatine. The results were 4.9 mg. per gm. for 
the choline-deficient group and 5.1 mg. per gm. for the group on the diet 
containing added choline. The difference in these values cannot be con- 
sidered significant. It is evident, therefore, that a deficiency of choline 
does not appreciably diminish creatine formation in the chick. This may 
have been due to the presence of adequate amounts of methionine in the 


basal diet used. 


Tase III 
Effects of Choline and Methionine on Growth and Muscle Creatine Content of Chicks 
Fed Methionine- and Choline-Deficient Diet 


Daily rate ol Creatine content 


Group No Supplement to basal diet Level in diet gain ae evar 
per cent per cent mg. per gm. 
l None —0.29 4.0 
2 Choline chloride 0.5 +0.45 4.2 
3 dl-Methionine 1.0 +5.25 4.5 
! Choline chloride 0.3 +5.15 4.7 
dl-Methionine 1.0 


* Creatine plus creatinine calculated as creatine. 


In further experiments, attempts were made to achieve a deficiency of 
both choline and methionine. For this purpose a “synthetic” diet con- 
taining arachin and gelatin as the protein sources was employed. This 
diet has been described essentially elsewhere (6). Chicks were reared for 
the Ist week on a practical diet, then weighed, and closely selected for 
uniform weight. Groups of five chicks each were given the synthetic diet 
plus various supplements for a period of 9 days. Composite breast muscle 
samples were taken from each group. 

The results given in Table ITI show that a dietary methionine and cho- 
line deficiency severe enough to prevent growth of the chick was attained. 
The addition of choline to the diet caused a small improvement in rate of 
gain, from —0.29 to +0.45 per cent. Addition of methionine resulted in 
a comparatively large growth response which was not further improved 
by the simultaneous addition of choline. Incipient perosis was noted in 
the case of methionine addition (Group 3). 

The muscle creatine values showed a small and possibly significant in- 
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crease, amounting to 0.5 mg. per gm. coincidental with methionine addi- 
tion in each of two comparisons (Groups | and 3, 2 and 4). A slight crea- 
tine elevation of 0.2 mg. per gm. accompanied choline addition in two 
comparable cases (Groups 1 and 2, 3 and 4), but is of doubtful significance. 

In respect to creatine formation, our results suggest, therefore, that a 
severe deficiency of methylating agents in the diet of the chick reduces the 
level of muscle creatine only slightly, if at all. The reduction is far from 
being as marked as that which may be obtained by only partial deficiencies 
of glycine and arginine. 

SUMMARY 

1. Creatine given by intravenous injection increased the rate of growth 
and the muscle creatine content of chicks in a similar manner as when given 
in a diet deficient in creatine precursors. 

2. Hydantoie acid was not noticeably converted by the chick into gly- 
cocyamine. 

3. Dietary deficiency of choline or methionine or both had a compara- 
tively slight effect on the muscle creatine content of the chick. 
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RESPIRATORY AND CARBOHYDRATE METABOLISM OF 
MALARIA PARASITES (PLASMODIUM KNOWLESI)* 


By WILLIAM B. WENDEL 


(From the Department of Chemistry, University of Tennessee College of Medicine, 
Memphis) 


(Received for publication, November 9, 1942) 


Although malaria is “the most widespread and destructive of human 
diseases”’ (1), it and the Plasmodia which cause it have received scant 
attention from biochemistry. Exploratory experiments upon the metab- 
olism of malaria parasites by Christophers and Fulton, published in 1938 
(2) and 1939 (3), have been extended by Fulton (4), Coggeshall (5), Maier 
and Coggeshall (6, 7), and Velick (8). Some of the principal observations 
made by these workers, employing several species of Plasmodia, are as 
follows: (a) blood from infected animals consumes oxygen, produces 
carbon dioxide, and destroys glucose much more rapidly than does blood 
of normal animals of the same species; (b) respiratory activity of cells 
infected with mature parasites is greater than that of cells which contain 
immature parasites; (c) of a large number of substrates, glucose is the most 
effective in maintaining maximal parasite respiration. 

Experiments reported in this paper were directed especially at the rela- 
tionship between oxygen consumption and glucose metabolism of malaria 
parasites. Also, the influences upon parasite metabolism of variations in 
pH, osmotie pressure, and concentration of specific ions have been con- 
sidered. 

As has been pointed out by Fulton and Christophers (9) and, previously, 
by Yorke and Murgatroyd (10), knowledge of the metabolic characteristics 
of malaria parasites may lead to an understanding of the lethal action of 
quinine, atebrin, and plasmochin on Plasmodia. Such knowledge may, 
perhaps, simplify search for other antimalarial agents. Short of this, 
chemical studies should reveal the nutritional requirements and end- 
products of the metabolism of malaria parasites, in consequence of which 
in vitro cultivation may become feasible. 


Materials and Methods 


Defibrinated or heparinized blood, which behaved alike, from Macacus 
rhesus monkeys infected with Plasmodium knowlesit was the experimental 


* This study was aided by a grant from the Tennessee Valley Authority through 
the Department of Preventive Medicine of the University of Tennessee. 

A preliminary report of some of this work has appeared (Proc. Am. Soc. Biol. 
Chem., J. Biol. Chem., 140, p. exxxviii (1941)). 
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22 METABOLISM OF MALARIA PARASITES 
material. This species of malaria parasite is especially suited to chemical 
study because of the relative abundance of parasites obtainable from a 
single animal, and the fact that this parasite inhabits non-nucleated 
erythrocytes, which normally have very little respiratory activity. Some 
highly parasitized specimens of blood were diluted with monkey serum, 
heparinized plasma, or Locke’s solution. 

Oxygen consumption was measured by the direct method of Warburg 
(11, 12) upon | or 2 ec. samples of blood. Parallel aerobic incubation of 
blood for chemical analyses was carried out in Erlenmeyer flasks which 
were fitted with CO, absorption wells to simulate Warburg vessels, or in 


TABLE I 


He matological Data on Spec ~mens of Blood 


Distribution of parasites in 


Cell per cent of total Volume 
7 ells 
Y ol 
: Red = contain 4 
Fig blood if ing a sample Remark 
No x = - . for 
count _ para = ra be S oxygen 
g | sites Rings) BE ce Eb | uptak 
~ < &e |ao |. 
million 
per per cent per cen 
mm 
l 1.19 | 2.8 11.0 IS $2 9 | 0 2 
- * Counts are averages 
5.46 1.2 0 2 Be 
of o specimens 
2 3 SS 31.0 51 3 44 1] ] Parasitized blood 
5 82 1.4 0 Normal blood 
3 5.00 26.2 th) i 6 2 2 y 
| 2.57 1.0 | Z.3 $1 30 31 5 } 2 Unadiluted blood 
5 3.72) 0.5 | 13.9 | 63 33 0 } 2 
6-7 5.36) 2.2 10.0 | 51 $2 2 5 | 
S 3.24 11.5 0) 3 | I 2 l 1, Band Cc 


flasks through which a slow current of moist air was passed. The pH ot 
blood incubated in both ways was found to be essentially the same as 
that of blood incubated in Warburg vessels. For anaerobic incubation, 
blood samples were equilibrated with oxygen-free N» or He, and transferred 
without exposure to air to a tight syringe which contained a steel ball. 
The syringe was rocked horizontally in a water bath and samples were re- 
moved through an attached needle. The rocking movement, by causing 
the ball to roll the length of the syringe, prevented the cells from settling. 
In order rapidly to effect anaerobiosis in normal blood, it was equilibrated 
briefly with mixtures of carbon dioxide and carbon monoxide and then with 
N, or H, until the normal pH was restored and most of the carbon monoxide 
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was expelled. All samples were incubated at 37.4° and the rate of shaking 
was between 80 and 100 oscillations per minute. 

Blood glucose was determined by the Shaffer-Hartmann method (13) 
upon zine filtrates (14). Lactic acid was determined upon zine or mercuric 
chloride filtrates by a micro adaptation of the Friedemann-Cotonio-Shaffer 
method (15). Chemical and respiration data usually represent averages 
of duplicate or triplicate determinations. The pH was determined by the 
glass electrode. Cell volume (hematocrit) was determined by centrifuga- 
tion to constant volume in Wintrobe tubes. Hematological data on speci- 
mens of blood and corpuscle suspensions illustrated in Figs. 1 to 8 are 
given in Table I. Leucocyte counts, although usually made, are unim- 
portant and are not given. Total parasite count signifies the per cent of 
red cells parasitized, 1000 red cells being examined for each count. For 
purposes of differential counts the parasites were divided into five morpho- 
logical categories; namely, ring, ameboid, presegmenter, segmenter, and 


gametocyte. 
EXPERIMENTAL 


Comparison of Oxygen Consumption and Glycolysis of Normal and Para- 
sitized Bloods—The great differences in respiratory activities of blood of 
monkeys infected with Plasmodium knowlesi and blood of normal monkeys 
are illustrated in Fig. 1. The normal curve represents the average behavior 
of 2 ce. samples of blood from five uninfected animals, whereas the curves 
labeled parasitized blood were obtained upon 2 ec. samples of blood from 
one heavily infected, anemic animal. Glucose was added (in Locke’s 
solution) to the blood represented by Curve A, with the result, contrary to 
findings by previous investigators (2, 6), that oxygen consumption fell off 
more rapidly than in Curve B, which represents the behavior of a sample 
of the same specimen of blood diluted with an equal volume of Locke’s 
solution containing no glucose. The parasitized cells in this specimen of 
blood consumed oxygen about 300 times as rapidly during the first meas- 
ured period as do cells in normal blood. Such calculations take into 
account the greater concentration of cells in normal blood, the fact that 
only 41 per cent of cells in the specimen of infected blood contained para- 
sites, and the negligible oxvgen consumption (which we have confirmed) 
of normal cells and plasma in infected blood (2, 6). 

The great glycolytic activity of blood containing Plasmodium knowlesi 
is illustrated in Fig. 2, which for comparison gives also the rate of glycolysis 
in an average sample of normal blood. Here is demonstrated, too, a 
marked stimulation of glycolysis by anaerobiosis which has been noted in 
many experiments on parasitized blood. 

The following pH changes occur in aerated parasitized blood in vitro. 


























24 METABOLISM OF MALARIA PARASITES 


After an initial, rapid rise due to expulsion of CO2, the pH usually falls 
over a period of 30 minutes or an hour, during which glucose disappears, 
to between 7.2 and 7.6. This fall is followed by a second, slow rise. The 
rate of initial fall in pH is directly proportional to the degree of parasitiza- 
tion. The magnitude of the fall is proportional to the initial glucose and 
lactic acid concentrations. An inverse relation exists between the fall in 
pH and the red cell concentration. If infected blood is fortified with 400 
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Fic. 1. Oxygen consumption of blood from a monkey infected with Plasmodium 
The values in parentheses are for pH at the indicated times. 350 mg. pet 


knowlesi. 
Curve B represents 


cent of glucose were added to the blood represented by Curve A. 
the behavior of a sample of the blood diluted with an equal volume of Locke’s solu 


tion containing no glucose. The normal blood curve represents the average results 


on specimens from five normal monkeys. 

Fia. 2. Comparison of the aerobic, glycolytic activity of normal blood and para 
sitized blood, and the stimulating effect of anaerobiosis upon glycolytic activity of 
parasitized blood. The valuesin parentheses are for pH at the indicated times 
Normal blood was aerobic but was not aerated to remove CO, 


to the infected blood 


Glueose was added 


to 500 mg. per cent of glucose, the pH falls progressively until all glucose 
is destroyed or until pH 5.5 is reached, at which point both respiration and 
glycolysis cease.! 

The blood of normal monkeys destroys glucose quite slowly (20 mg. 
per cent per hour), and normal red cells from infected blood behave as do 
those in blood from normal animals. Further, anaerobiosis does not in- 

‘When the pH falls below 7.0, the observed oxygen uptake is slightly less than 
the (rue uptake owing to desaturation of hemoglobin 
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crease the rate of glycolysis in normal red cells. Aeration of normal 
blood results in a rapid rise in pH to about 8.3, but the subsequent fall, 
owing to glycolysis, amounts to only 0.1 to 0.2 pH unit in several hours. 
A similar small fall in pH occurs in normal blood incubated with 5 per cent 
COs, in which case, however, the pH remains within physiological limits. 
In our observation that Plasmodium knowlesi produces fixed acid from 
glucose, we are not in agreement with Christophers and Fulton (2). Con- 
flicting results may be explained by the fact that these workers added phos- 
phate buffers to their samples of blood and cell suspension (see below). 
Relation of Concentration of Glucose to Its Effect wpon Parasite Respira- 
tion—Bass and Johns (16) were the first of several groups of workers to 
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Fic. 3. Effeets of high concentrations of glucose upon parasite respiration. 0.5 
ce. of glucose (in Locke’s) solution was added to 2 cc. samples of blood at zero time. 


claim that addition of high concentrations of glucose to blood containing 
malaria parasites favors their preservation and development in vitro. 
Fig. 3 illustrates the general results of experiments designed to test effects 
of high concentrations of glucose upon parasite respiration. At zero time 
0.5 cc. of Locke’s solution containing glucose was added from the side arms 
of respiration vessels to 2 ce. samples of blood. Only Locke’s solution was 
added to the control. Since the rate of oxygen uptake by all six samples 
during the 20 minute period immediately preceding addition of glucose 
(not shown in Fig. 3) was the same as by the control during the first period 
after addition of Locke’s solution, this experiment demonstrates the lack 
of effect of diluting parasitized blood with small volumes of physiological 
salt solutions. All concentrations of glucose added in this experiment 
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decreased the oxygen uptake, although the depressing effect of 150 mg. 
per cent of glucose was transient. The progressively larger inhibition of 
oxygen uptake by 0.5, 1.5, and 5.0 per cent glucose is not attributable to 
more rapid fall in pH in samples with higher glucose concentration. Prob- 
ably part of the inhibition was due to the hypertonicity of the added glucose 
solutions. 

Sustaining and Restorative Action of Serum and Alkali upon Parasite 
Respiration and Glycolysis—When it was found that infected blood shows 
rapid aerobic glycolysis, means were sought of studying parasite metab- 
olism under conditions which provide free access to glucose for several hours, 
vet avoid rapid pH changes. Several possibilities were considered: (a) 
use of blood with low degrees of parasitization; (6) use of highly parasitized 
blood, or separated parasitized red cells, suspended in a large volume of 
serum; (¢) neutralization of accumulated acid by frequent addition of 
alkali; (¢) addition of unphysiological concentrations of phosphate buffers. 
We have investigated each of these possibilities to some extent and have 
found none to be technically ideal. 

The effects upon oxygen uptake of diluting with serum a specimen of 
moderately parasitized blood are illustrated by the results in Fig. 4. Sam- 
ples of blood and blood-serum mixtures used in this experiment were 
fortified initially with about 500 mg. per cent of glucose. Changes which 
occurred during the first 2 hours after the blood was drawn are not given. 
Only the more significant later values are shown. Fig. 4 records that 
dilution of the blood with | volume of serum prolonged slightly the ability 
of parasites to use oxygen. Addition of 3 volumes of serum sustained 
oxygen consumption for a much longer time. That the decrease in rate of 
oxygen uptake by undiluted blood and the |:1 mixture was not due to 
disappearance of glucose is indicated by the fact that addition of glucose 
at times when respiration had greatly decreased had no restorative effect. 
The acceleration in the rate of oxvgen consumption by the more dilute 
mixture (1:3) which occurred between the 4th and 6th hours has been 
observed repeatedly It may be due to development of more favorable 
pH conditions (6). 

The rate of oxvgen consumption of parasitized blood, after becoming 
greatly depressed as a result of several hours of aerobic glycolysis, is mark- 
edly and immediately accelerated following neutralization of the aecumu- 
lated acid. The experiment described in Fig. 5 illustrates the general 
results of a number of such experiments. Curve B represents the rapidly 
declining oxygen uptake of blood to which glucose was added at zero time. 


Curve A describes the more slowly declining oxvgen uptake of a sample of 


the same blood which was free of glucose at zero time and to which only 
Locke’s solution had been added. At the time indicated, Locke’s solution 
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containing NaHCO, was added to the blood represented by Curve B and 
an equal volume of regular Locke’s solution was added to that for Curve A. 
Addition of alkali (Curve B) caused an immediate rise in pH and an ac- 
celeration of the oxygen uptake, whereas addition of Locke’s (salt) solution 
(Curve A) was almost without effect. 

Inhibition of Oxygen Consumption and Glycolysis by Phosphate Buffers 
and Neutral Salts—In an attempt to buffer against acid which accumulates 
in parasitized blood supplied with glucose, it was discovered that parasite 
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Fic. 4. Effeet of dilution of parasitized blood with serum upon O; uptake and pH 
values in parentheses). 2 ce. samples of blood and 2 cc. samples of each of the 
blood-serum mixtures were used for measurement of oxygen uptake. Arrows indi- 
cate the time of addition of 0.2 ec. of 5 per cent glucose. 

Fic. 5. Stimulation of depressed O, uptake by addition of alkali. Preliminary 
incubation of the blood had destroyed all glucose present at the time blood was 
drawn. Sufficient glucose was added to the blood represented by Curve B at zero 
time to raise the concentration to 500 mg. per cent; sufficient NaHCO; (0.5 M) was 
added at the indieated time to increase the base by 50 mm per liter. The values in 


parentheses are for pH 


metabolism is quite sensitive to changes in osmotic pressure and ion content 
of the fluid bathing the host red cells. Figs. 6 and 7 illustrate the general 
results of ten experiments in which depressing effects of phosphate buffers 
and neutral salts (NaCl and KCI) upon parasite respiration and glycolysis 
were noted. Sdérensen’s phosphate buffers, pH 7.40, made up in 1 per cent 
NaC] solution to give final phosphate concentrations of 0.06, 0.13, and 
0.25 M, were added in equal volumes to samples of a specimen of moderately 
parasitized blood. As a control, equal volumes of | per cent NaCl solution 
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and blood were mixed. 2 cc. samples of the diluted blood mixtures were 
then incubated for oxygen consumption. The pH and cell volume were 
measured upon other incubated samples. In Fig. 6, Curve A represents 
the oxygen uptake by the control. Curves B, D, and F give the lesser 
oxygen uptakes by samples of blood to which were added 0.06, 0.13, and 
0.25 m phosphate, respectively. The pH values of mixtures at the end of 
3 hours of incubation show that even the highest concentration of added 
phosphate (0.25 m) did not entirely prevent a fall in pH, although it in- 
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Fic. 6. Inhibitory effects of phosphate buffer (pH 7.4) and neutral salts upon 
the O, uptake and the fall in pH of parasitized blood. Curve A gives the control 
O, uptake. Curves B, D, and F are for the O, uptakes after addition of 0.06, 0.13, 
and 0.25 m phosphates, respectively. Curves C, Ek, H, and I give the effects of added 
0.06, 0.13, 0.25, and 0.5 m NaCl, respectively. Curves G and J represent the results 
obtained on addition of NaCl-KCI mixtures: (Curve G) 0.21 Mm NaCl and 0.017 
KCI, (Curve J) 0.43 m NaCl and 0.035 m KCI. 

Fic. 7. Relationship between inhibitory effects of added buffers and salts and 
cell volumes (hematocrit). Fig. 6 gives the explanation of the characters 


hibited oxygen uptake by 75 per cent. The lowest concentration of phos- 
phate (0.06 m), although completely ineffective in preventing a fall in pH, 
depressed oxygen consumption about 25 per cent. Fig. 7 gives the cell 
volumes at the end of each of the three 1 hour periods plotted against per- 
centage inhibition of oxygen uptake. The characters employed in Fig. 7 
correspond to those in Fig. 6. At the end of the Ist hour the volume of 
cells (normal and parasitized) in the sample of blood to which isotonic NaCl 
solution was added was 19 per cent. After the same period of incubation 
the volume of cells in the sample to which 0.06 m phosphate (in 1 per cent 
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NaCl solution) was added was 16.5 per cent. Thus, cells in this mixture 
occupied a 13 per cent smaller volume than those in the control. During 
the same period oxygen uptake by these cells was 30 per cent less than by 
the control. Addition of 0.13 m phosphate decreased the cell volume 20 
per cent and caused 60 per cent inhibition of the oxygen uptake. Inhibi- 
tory and shrinking effects of 0.25 m phosphate were still larger. 

In order to determine the extent to which the hypertonicity of added 
solutions may cause inhibition of oxygen uptake, other samples of the 
same specimen were diluted (1:1) with hypertonic solutions of NaCl and 
NaCl-KCI mixtures. The ratio Na+: K* in the latter solutions approx- 
imates that in serum. Curves C, E, H, and I (Fig. 6) show graded inhibi- 
tory effects of hypertonic NaCl, and Curves G and J give the effects of 
NaCl-KCl mixtures. The composition of these added solutions is given 
in the legend of Fig. 6, where indicated molar concentrations signify excess 
salt ; 7.e., the concentration over and above that in 1 per cent (0.17 m) NaCl. 
Comparison of the effects of equimolar concentrations of phosphate and 
NaCl shows that NaCl produced slightly greater inhibition. Replacement 
of part of the NaCl with KC! did not lessen this effect. Fig. 7 shows that 
the greater inhibitions of NaCl, when compared with phosphate, are not 
due to greater shrinkage of the red cells, although a possible greater effect 
of NaCl upon the volume of parasites is not excluded. On the basis of the 
change in red cell volume, NaCl is more damaging to respiration than is 
phosphate. 

In several experiments added phosphate was incorporated in Locke’s 
solution or in serum. In others, isotonic M/15 phosphate was added. 
But in no case did phosphate enhance or prolong oxygen uptake. On the 
contrary, phosphate in concentrations which buffered significantly always 
depressed oxygen consumption. The degreeof depression and the rapidity 
with which it develops depend upon the amount of phosphate added and 
morphological characteristics of the parasites, parasites in the ring and 
early ameboid stage being less affected than mature parasites. We are led 
to conclude that phosphate is contraindicated as a means of controlling 
the pH of blood containing Plasmodium knowlesi. 

In several experiments the effects of adding hypotonic salt solutions and 
water have been tested. In such instances, even when hemolysis was 
negligible, both respiration and glycolysis were depressed. Clearly, 
malaria parasites, although contained within erythrocytes, are quite sen- 
sitive to changes in the ionic composition and osmotic pressure of the 
fluid bathing the host cells. 

Lactic Acid As Substrate for Parasite Respiration—As was stated above, 
the glucose initially present in a sample of moderately or highly parasitized 
blood is destroyed during the Ist hour of incubation in vitro, yet at such 
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time Plasmodium knowlesi may continue respiring at a constant or even 
accelerated rate. This indifference to glucose per se shows that the paral- 
lelism between glycolysis and respiration emphasized by Maier and Cog- 
geshall (6) was entirely fortuitous. Additional evidence that respiration 
is dependent only indirectly upon glycolysis is afforded by several experi- 
ments in which respiration was decreasing at a time when the rate of gly- 
colysis was relatively constant. In other experiments the converse was 
true. In still others respiration was proceeding at a constant rate at a 
time when glycolysis was accelerating. 

These facts suggested that one or more of the stable products of glycoly- 
sis are substrates for oxygen utilization. Accordingly, we have investi- 
gated the possible sustaining action of lactate upon parasite respiration.? 
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Fic. 8. Comparison of lactate and glucose as substrates for parasite respiration, 
and the utilization of lactate and glucose in relation to O, uptake. The initial lactic 
acid was 212 mg. per cent (A) and 28 mg. per cent (B); the final lactic acid, 164 mg. 
per cent (A) and 75 mg. per cent (B). In the case of C no substrate was added 
The ascending scale on the right-hand margin of B is for lactate increase in mM 
per liter. 


Fig. 8 illustrates typical results of several experiments in which a specimen 
of parasitized blood was centrifuged and the cells were washed several 
times with Locke’s solution to rid them of glucose and diffusible products 
of glycolysis. One sample (Fig. 8, A) of washed cells was suspended in 
Locke’s solution which contained 200 mg. per cent of sodium dl-lactate. 
A second sample (Fig. 8, B) was suspended in Locke’s solution containing 
200 mg. per cent of glucose. A third sample (Fig. 8, C) was suspended 
in Locke’s solution to which no substrate was added. Al! suspensions 
were initially pH 7.4. The rate of oxygen uptake by 2 cc. samples of each 
of these suspensions was measured over a period of 3 hours. At hourly 

2A preliminary report of experiments upon pyruvic acid metabolism of these 


Plasmodia has appeared (17). 
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intervals lactic acid was determined in A and B, and glucose was deter- 
mined in B. As shown in C, the parasites used oxygen slowly when 
neither glucose nor lactate was added. Comparison of the curves for 
oxygen uptake in A and B shows that for about 30 minutes lactate and 
glucose produce equal stimulation of parasite respiration. Following 
this brief period of comparable rates of oxygen uptake the sample to 
which glucose was added showed the more rapid decline, and by the end 
of 3 hours had essentially ceased respiring. These results are contrary 
to those of Christophers and Fulton (2) and Maier and Coggeshall (6), 
who found glucose superior to lactate as substrate. 

In Fig. 8, A, destruction of lactate falls off more rapidly than does oxygen 
uptake. During the Ist hour the molecular ratio of extra oxygen consumed 
(oxygen uptake in A minus that in C) to lactate destroyed was about 1:1. 
During the 2nd hour the ratio was 2:1, and during the 3rd hour it was 3:1. 
It must be concluded either that lactate is progressively less used as sub- 
strate or that it becomes more completely oxidized. Fig. 8, B shows that 
about one-half of the destroyed glucose accumulates as lactic acid and 
that the remainder could have been only partially oxidized. 

Kvidence that the decreasing rates of lactate utilization and oxygen 
consumption seen in Fig. 8, A are not due to the artificial character of 
the medium (Locke’s solution containing dl-lactate) is furnished by exper- 
iments upon highly parasitized defibrinated blood which, after brief incuba- 
tion, contained high concentrations of natural lactic acid and no glucose. 
In such experiments, as in the above one, both lactate utilization and 
oxygen consumption declined from the beginning, and the ratio of oxygen 
consumed to lactate destroyed increased progressively. Addition of 
lactate at the end of 3 hours did not influence the rate of decline of oxygen 
consumption. 

Brief, rapid centrifugation of parasitized blood, a necessary step in the 
above experiment, ordinarily does not affect the ability of parasitized 
cells to consume oxygen or to destroy glucose when they are resuspended 
inserum. Some loss in both activities is noted if the centrifuged, washed 
cells are suspended in glucose-Locke’s solution. 

Number and Character of Parasites in Relation to Metabolic Activity— 
Variations in rates of oxygen consumption in experiments already cited 
are due in part to differences in degree of parasitization of the samples of 
blood employed. If, however, rates of oxygen uptake of a unit number 
of parasites in each specimen are compared, large variations are still noted. 
For purposes of comparing respiratory activities of a unit number of para- 
sites in different specimens, the oxygen uptake of 10" parasites was cal- 
culated. Only those specimens of blood which were used immediately 
after withdrawal and which received no treatment except defibrination 
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or heparinization and dilution with 1 volume of serum or physiological 
salt solution were considered. ‘The first 100 c.mm. of oxygen consumed 
were employed in calculation of the rate. Oxygen consumption of para- 
sites in thirty-five different specimens of blood which met these require- 
ments varied between 157 and 2280 mm per 10" cells per hour. These 
values were obtained by subtracting from the observed oxygen uptake 
of a sample of infected blood the calculated uptake of the contained unin- 
fected red cells, the latter having been found to consume oxygen at an 
average rate of 5 mm per 10" cells per hour. 

Aerobic glycolytic activity of various samples of parasitized blood varies 
as widely as does respiration. Comparison of a unit number of normal 
red cells with parasitized cells reveals that the latter destroy glucose 5 
to 70 times as rapidly as the former. 10" normal red cells destroy glucose 
at an average rate of 20 mm per hour at 37.4°. 

The wide variations in oxygen consumption and glycolytic activity of a 
unit number of parasites have been correlated only roughly with morpholog- 
ical forms and sizes of parasites. The small ring forms consume oxygen 
and destroy glucose least rapidly and, perhaps, most uniformly. Ameboid 
(half grown) forms are metabolically more active than ring forms, and 
presegmenter and segmenter (full grown) forms generally show the greatest, 
but most erratic, activity. The most rapid rate of oxygen uptake was 
obtained upon a specimen of blood in which the parasites were about 
equally divided between ameboid and presegmenter forms. 

Chemical Inhibitors—Sodium cyanide (0.01 mM) and oxalate (0.03 ), 
as employed by Maier and Coggeshall (6) to prevent coagulation, greatly 
depress oxygen consumption of parasitized blood. Sulfanilamide (5 to 
40 mg. per cent) is, contrary to Coggeshall (5), quite without effect upon 
parasite respiration. Also, methylene blue (0.001 per cent), malonic acid 
(0.01 N), and sodium citrate in sufficient concentration to prevent coagula- 
tion have no significant influence upon parasite respiration for several 
hours. 

DISCUSSION 


The great aerobic, glycolytic activity, the consequent rapid decline in 
oxygen consumption, and the sensitivity of Plasmodium knowlesi to changes 
in composition of the medium bathing their host cells are properties of 
these parasites which pose difficult problems for in vitro study of their 
Another difficulty occasionally encountered is spontaneous 


metabolism. 
A sample of blood which, after 


clumping of cells in parasitized blood. 
defibrination, contains uniformly dispersed cells may become macroscopic- 
ally clumped after an hour or two of incubation. Other factors which 
complicate chemical studies of malaria parasites are inherent in the host- 
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parasite relationship. Plasmodia normally inhabit red cells, at the expense 
of which they undergo rapid and extensive changes in size and structure. 
Such a relationship suggests a dependence of the parasite upon constituents 
and, perhaps, metabolic processes of the host cell. Also, the parasite very 
probably depends upon the host for disposal of end-products of its metab- 
olism. Such products, if allowed to accumulate, might very quickly 
destroy the parasite. Indeed, we have noted that parasites in defibrinated 
blood to which nothing has been added undergo such extensive morpholog- 
ical changes in the course of 6 to 8 hours of incubation as to suggest that 
most of the parasites are no longer alive.* Yet at such times samples of 
infected blood may be consuming oxygen at 50 to 75 per cent of the initial 
rate. 

The first practical outgrowth of studies upon the metabolism of malaria 
parasites should be discovery of conditions favorable for their maintenance 
and development in vitro. Indeed, our experience suggests that attempts 
to discover new antimalarial drugs through in vitro studies will make little 
progress until methods of artificial cultivation of Plasmodia are devised. 
The experiments reported in this paper indicate some of the difficulties 
which may be encountered in attempts to cultivate Plasmodium knowlesi 
and, by inference, Plasmodia which infect man. 


SUMMARY 


Blood from Macacus rhesus monkeys infected with Plasmodium knowlesi 
consumes oxygen and destroys glucose in vitro with great rapidity as com- 
pared with blood from normal monkeys. Parasitized red cells account for 
the unusual activity. Approximately half of the destroyed glucose is con- 
verted to lactic acid; the remainder is only partially oxidized. Anaero- 
biosis stimulates glycolysis by infected red cells, but has no effect upon 
normal erythrocytes. Under comparable conditions of pH, lactate and 
glucose are equally good substrates for respiration. Lactate, like glucose, 
is incompletely oxidized. 

Parasitized blood to which nothing is added consumes oxygen for many 
hours, although it becomes free of glucose, if heavily parasitized, within 
30 minutes oran hour. Fortifying infected blood with several hundred mg. 
per cent of glucose leads to rapid fall in pH and decline in oxygen consump- 
tion and glycolysis. Both metabolic processes cease at pH 5.5. Other 
factors which are unfavorable to preservation of active metabolism in 
vitro are addition of phosphate, cyanide, and oxalate, hypertonic solutions 
of neutral salts, replacement of serum with physiological salt solutions, 
and spontaneous clumping of red cells. Favorable to prolongation of 


§ Morphological studies were by Dr. Redginal Hewitt of the Tennessee Valley 
Authority. 
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active parasite metabolism are low degrees of parasitization of specimens, 
dilution with serum, and neutralization of the accumulated acid. Factors 
which usually have no significant influence upon respiration or glycolysis 
are brief centrifugation, moderate dilution of blood with physiological 
salt solutions, and the addition of heparin, citrate, malonate, sulfanilamide, 
and methylene blue. 
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During attempts to isolate a pea virus from infected aphids, Macro- 
siphum pisi, by differential ultracentrifugation, it was observed that a 
relatively large amount of a high molecular weight substance was sedi- 
mented from the extract. The material formed transparent gel-like 
pellets, which redissolved readily in water, giving an opalescent solution. 
By several repetitions of the procedure of sedimentation and re-solution, 
clear, translucent pellets were obtained free from nitrogen and phosphorus. 
As a similar material was also found in extracts of normal insects, its 
presence was evidently not associated with the diseased condition of the 
aphids. A similar product was isolated from extracts of Aphis brassicae! 
by the method of Sahyun and Alsberg for the preparation of glycogen (1). 
Samples obtained from both Macrosiphum pisi and Aphis brassicae gave 
the characteristic iodine reaction for glycogen as well as glucosazone after 
hydrolysis. As a further proof of the identity of the material glucose 
8-pentaacetate was prepared from its hydrolytic products, and the rate of 
hydrolysis of the polysaccharide in 0.5 N sulfuric acid was determined. 

Further experiments in the ultracentrifuge showed that about 78 per 
cent of the glycogen present either in extracts of aphids or of rabbit liver 
could be readily sedimented in a centrifugal field of about 79,000 X g. 
The gel-like mass of glycogen which separated contained about 64 per 
cent water, was isotropic, and could be dissolved in 1 or 2 volumes of 
water to give relatively concentrated solutions which showed only a slight 
opalescence. As these were diluted, however, the opalescence increased, 
and the solutions showed the typical appearance of glycogen solutions. 
After four cycles of centrifugal purification, liver glycogen was isolated 
that contained only 0.0015 per cent phosphorus. 


EXPERIMENTAL 
Collection of Aphids—The aphids, Macrosiphum pisi, used in the pre- 
liminary experiments were raised in a greenhouse of The Rockefeller 
! The authors are indebted to Professor G. F. Ferris for the identification of these 
aphids. 
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Institute for Medical Research in New Jersey by Dr. H. T. Osborn 
Those used later, Aphis brassicae, were found on wild mustard plants 
growing in an orchard near Palo Alto, California. The insects were 
brushed from the plants, frozen immediately with dry ice, and were stored 
in a freezing chamber until used. About 139 gm. of Macrosiphum pisi 
and about 400 gm. of Aphis brassicae were collected. 

Isolation of Aphid Glycogen by Differential Ultracentrifugation—About 
50 gm. of frozen aphids were ground in a mortar with 30 to 40 ce. of ice- 
cold 3 per cent trichloroacetic acid as described by Sahyun and Alsberg (1) 
for the preparation of liver glycogen. A little Hyflo Super-Cel was added 
to facilitate grinding. The rather viscous suspension was filtered with 
suction through a layer of Hyflo Super-Cel, and the solid was reextracted 
two additional times by grinding with fresh portions of cold trichloroacetic 
acid. The green slightly opalescent filtrate, which amounted to about 
100 cc., was centrifuged in a quantity ultracentrifuge of about 112 ce. 
capacity at 600 revolutions per second for 2 hours (2, 3). The clear 
supernatant fluid was pipetted off, the sedimented, gelatinous pellet was 
redissolved in about 50 cc. of water, and the filtered solution again ultra- 
centrifuged as before. After two additional repetitions of the above 
procedure translucent, gel-like pellets of glycogen were obtained. These 
dissolved readily in water, giving the characteristic opalescent glycogen 
solution from which the solid could be obtained by precipitation with 
alcohol. The yield from 50 gm. of either Macrosiphum pisi or Aphis 
brassicae was approximately 500 mg. An air-dried sample from Aphis 
brassicae prepared for analysis by washing with alcohol and ether con- 
tained 10.5 per cent moisture (dried in vacuo over phosphorus pentoxide 
at 110°) and no ash. On a dry weight basis it contained 44.47 per cent 
carbon and 6.47 per cent hydrogen. Theory for (CsH0O5)., C 44.4 and 
H 6.2 per cent respectively. 20 mg. samples of a thrice sedimented 
preparation from Macrosiphum pist were analyzed for phosphorus by the 
method of King (4) and for nitrogen by micro-Kjeldahl determinations. 
In both cases the amounts present were less than the experimental error. 

The trichloroacetic acid extract from a total of 353 gm. of Aphis aphids 
worked up by the method of Sahyun and Alsberg gave a total yield of 
3.78 gm. of air-dried product. After being reprecipitated from water with 
alcohol and washed with alcohol and ether, an air-dried sample contained 
7.4 per cent moisture, 4.69 per cent ash, and 0.067 per cent phosphorus. 
The specific rotation corrected for ash and moisture was [a]? = +194° 
(c, 0.4 per cent). The specific rotation of liver glycogen under similar 
conditions has been reported as +190° to +200° (5). Like liver glycogen 
prepared by the usual methods, aphid glycogen in solutions containing 


* We would like to express our thanks to Dr. Osborn for these aphids. 
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| mg. or more per cc. gave the typical wine-red color with iodine solution. 
The test with a solution containing 0.3 mg. per cc. was barely perceptible, 
and with less than this concentration no definite reaction was observed. 

Isolation of Liver Glycogen by Differential Centrifugation—Liver glycogen 
was extracted from rabbit liver with trichloroacetic acid, and one-half 
the extract was worked up by the method of Sahyun and Alsberg for the 
preparation of glycogen. The remainder of the extract was ultracentri- 
fuged as mentioned above. After three cycles of centrifugal purification 
78 per cent of the glycogen found by the method of Sahyun and Alsberg 
was recovered in the sedimented pellets. This sample, after it had been 
washed with alcohol and ether, contained 0.003 per cent phosphorus on a 
dry weight basis (in vacuo over phosphorus pentoxide at 110°). After a 
fourth sedimentation the phosphorus content decreased to 0.0015 per cent. 

Liver glycogen prepared by ultracentrifugation was free from ash, and 
gave typical opalescent solutions and the characteristic iodine reaction. 
An analysis for carbon and hydrogen gave C 44.03 per cent and H 6.32 
per cent, in agreement with the theory. Both aphid and liver glycogen 
prepared by ultracentrifugation were resistant to the action of hot 30 
per cent potassium hydroxide (6). 

Hydrolysis and Preparation of Glucosazone—The conditions chosen for 
hydrolysis were those which Sahyun and Alsberg (7) found to give a maxi- 
mum reducing value. 100 mg. of the Macrosiphum aphid polysaccharide 
were refluxed with 10 ce. of 0.5 N sulfuric acid for 4 hours. The sulfuric 
acid was removed quantitatively with barium hydroxide, the solution 
concentrated in vacuo to 2 ec., and the osazone prepared by Fischer’s 
method (8). The yield was 22 mg. After recrystallization from dilute 
alcohol, the melting point was 206-207°. A mixture with an equal part 
of an authentic sample of glucosazone melted at 207°. 

The rotations of acid hydrolysates obtained as described above from 
both the aphid polysaccharide and from liver glycogen prepared by the 
usual method (1) were determined. Under these conditions despite the 
fact that the solutions show a maximum reducing power, the specific 
rotations, on the assumption that the theoretical amount of glucose had 
been formed, were +66° and +65° for the aphid and liver glycogen re- 
spectively as compared to the theoretical of +52.5°. A similar experi- 
ment with 1 N sulfuric acid gave a value of +56.4°. When 1 n hydrochloric 
acid was used, however, and the solutions were heated in a boiling water 
bath for 4 hours, values of +52.4° for the aphid glycogen and +53.6° for 
liver glycogen were obtained. 

Preparation of Glucose 8-Pentaacetate—0.92 gm. of polysaccharide from 
Aphis brassicae in 0.5 N sulfuric acid was hydrolyzed by heating in a boil- 
ing water bath for 4 hours, and the resulting solution freed from sulfuric 
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acid and concentrated as described above. The sugar solution was taken 
to dryness in a desiccator, and the residue treated with glacial acetic acid 
for the crystallization of 8-glucose as described by Hudson and Dale (9). 
An almost solid crystalline mass was obtained after the solution had been 
seeded with 8-glucose. The acetic acid was removed, and the sugar 
residue was acetylated with pyridine and acetic anhydride (10). The 
yield of acetylated product was about 65 per cent of the theoretical. This 
material after two crystallizations from alcohol melted at 100—105°. 
After three additional recrystallizations 11 mg. were obtained with a 
melting point of 129-130° (corrected), the same as that of 8-glucose penta- 
acetate. A control experiment carried out in a similar manner with 0.97 
gm. of liver glycogen (prepared in the usual way) gave a yield of about 
70 per cent of the theory of crude acetylated product. This after four 
recrystallizations vielded 56 mg. of pentaacetate which also melted at 
129-130°. An equal mixture of the two purified samples showed no 
depression of the melting point. 

The yields of purified 8-pentaacetate were relatively small compared to 
that obtained by Hudson and Dale from pure 8-glucose. Although an 
attempt was made to convert the sugar residue to 8-glucose before acetyla- 
tion, the rotations of the crude acetylated products in both the case of the 
aphid and of the liver glycogen suggested that both a- and 8-glucose 
pentaacetate were present. The specific rotations of an 8.1 per cent 
solution of the crude pentaacetate from the aphid glycogen and of a 9.5 
per cent solution of that from the liver glycogen, in glacial acetie acid in 
both cases, were +60° and +63° respectively. The specific rotations of 
pure a- and 8-glucose pentaacetate under similar conditions are + 108.8° 
and +4.4° respectively (10). 

Qualitative Tests for Presence of Sugars Other Than Glucose—Qualitative 
tests with about 10 mg. each of hydrolyzed aphid glycogen, Aphis bras- 
stcae, were made with Schiff’s reagent and with | per cent diphenylamine 
in glacial acetic acid for desoxy sugars, with Bial’s reagent for pentoses, 
and with Seliwanoff’s reagent for keto sugars. These tests all gave 
negative results. 

Rate of Hydrolysis of Aphid Glycogen——The rate of hydrolysis of aphid 
glycogen, Aphis brassicae, in 0.5 N sulfuric acid was determined to com- 
pare its behavior with that of liver glycogen. The experiments were 
carried out under the conditions described by Sahyun and Alsberg (7) 
with the exception that a 0.05 per cent solution of glycogen instead of 
0.2 per cent was used. The sugar formed was determined after neutraliza- 
tion of the solution by the Hanes modification (11) of the Hagedorn- 
Jensen method. The rate of hydrolysis of aphid glycogen, as of liver 
glyeogen, follows that of a pseudomonomolecular reaction. The average 
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value of the reaction constant was 0.0119 + 0.0008,’ as compared to that 
of 0.0114 found for liver glycogen by Sahyun and Alsberg. 

No attempt was made to determine the reducing value of the aphid 
glycogen before hydrolysis. In the rate experiments, however, the sodium 
thiosulfate titration of the blank and of 2 to 3 mg. of glycogen at zero 
time provided a measure of the reducing value of the glycogen. The 
titrations of the blanks and of aphid glycogen samples prepared either 
by the method of Sahyun and Alsberg or by ultracentrifugation were not 
significantly different. These results showed that such samples of glycogen 
did not possess an appreciable reducing power. 

Hydrolysis by Salivary Amylase—22.3 mg. of aphid glycogen, Aphis 
brassicae, dissolved in a solution of 20 cc. of 1 per cent sodium chloride and 
20 ec. of 0.05 Mm phosphate buffer at pH 6.6 were treated at 38° with 10 ce. 
of a 1:10 dilution of saliva. 5 ce. portions were removed at intervals 
and analyzed for reducing sugar as mentioned above. After 50 minutes 
the sugar concentration calculated as glucose reached a constant value, 
equivalent to approximately 55 per cent of the theoretical. 

Sedimentation of Glycogen from Dilute Solution—In the first experiments 
in which aphid glycogen was found to be sedimented during ultracentrifu- 
gation, the concentration of the solution was about 0.5 per cent. It was 
of interest to determine whether sedimentation could be obtained from 
more dilute solutions. 10 ce. each of solutions containing from 2.9 K 10~ 
to 0.29 per cent were used. The solutions were centrifuged at 550 revolu- 
tions per second tor 14 hours, the supernatant liquid was pipetted off, and 
the sediment was analyzed for glucose after hydrolysis with sulfurie acid. 
While the accuracy of the determination for the smaller amounts of glyco- 
gen was low, the experiment showed that about 80 per cent of the glycogen 
present even in the most dilute solution could be recovered by ultra- 
centrifugation. 


DISCUSSION 


The isolation of glycogen by differential centrifugation brings confirma- 
tory evidence as to its large particle weight. This is in agreement with the 
osmotic pressure measurements of Oakley and Young, which show a 
molecular weight of about 2 million for glycogen prepared by the usual 
methods (12). Unlike the “particulate glycogen” described by Lazarow 
(13), the material obtained by ultracentrifugation is free from nitrogen. 
It is not likely that the sedimentation of glycogen in a centrifugal field of 
about 79,000 X g is due to the presence of large physical aggregates for 
two reasons. The material can be sedimented repeatedly from solution, 


* Probable error of a single observation. 











40 GLYCOGEN FROM APHIDS 


and about 80 per cent of the amount present even in a 3 X 10~‘ per cent 
solution was recovered in the sediment. 

It has previously been impossible to prepare glycogen with a phosphorus 
content of less than 0.01 per cent except by procedures which could have 
resulted in the hydrolysis of combined phosphorus (14,15). Its preparation 
with a phosphorus content of 0.0015 per cent by a simple physical method 
shows that not more than 1 atom of phosphorus per molecular weight of 
2 X 10° can be present in organic combination in the glycogen molecule. 


SUMMARY 


The isolation of glycogen from extracts of aphids or rabbit liver by 
differential ultracentrifugation and the identification from the first men- 
tioned source by the preparation of glucosazone and §-glucose penta- 
acetate are reported. It has been demonstrated that such preparations of 
glycogen contain about 0.0015 per cent phosphorus. 


We are indebted to Professor E. W. Schultz of the Department of Bac- 
teriology and Experimental Pathology for the use of the ultracentrifuge. 


BIBLIOGRAPHY 


1. Sahyun, M., and Alsberg, C. L., J. Biol. Chem., 89, 33 (1930). 

2. Pickels, E. G., Rev. Scient. Instruments, 9, 358 (1938). 

3. Loring, H. S., and Schwerdt, C. E., J. Exp. Med., 76, 395 (1942). 
4. King, E. J., Biochem. J., 26, 292 (1932). 

5. Harden, A., and Young, W. J., J. Chem. Soc., 81, 1226 (1902). 

6. Pfliiger, E., Arch. ges. Physiol., 93, 77 (1903). 

7. Sahyun, M., and Alsberg, C. L., J. Biol. Chem., 93, 235 (1931). 

8. Fischer, E., Ber. chem. Ges., 17, 579 (1884). 

9. Hudson, C.§8., and Dale, J. K., J. Am. Chem. Soc., 39, 320 (1917). 
10. Hudson, C.S8., and Dale, J. K., J. Am. Chem. Soc., 37, 1264 (1915 
11. Hanes, C. 8., Biochem. J., 23, 99 (1929). 
12. Oakley, H. B., and Young, F. G., Biochem. J., 30, 868 (1936) 
13. Lazarow, A., Science, 96, 49 (1942). 

14. Reich, W. 8., Compt. rend. Acad., 194, 2141 (1932) 

15. Petree, L. G., and Alsberg, C. L., J. Biol. Chem., 82, 385 (1929) 














THE VERATRINE ALKALOIDS 
XV. ON RUBIJERVINE AND ISORUBIJERVINE 


By WALTER A. JACOBS ann LYMAN C. CRAIG 
(From the Laboratories of The Rockefeller Institute for Medical Research, New York) 


(Received for publication, January 13, 1943) 


In the course of our more recent studies on the veratrine alkaloids, the 
analytical data which have gradually accumulated have made it increas- 
ingly evident that the older formulations of jervine, rubijervine, and prob- 
ably germine require revision. It appears now that all of these alkaloids 
are C2; compounds, as already accepted in the case of the closely related 
cevine, C27HyOsN, and are built up on the same general hydrocarbon ring 
system which is probably if not identical at least closely related to that of 
the sterols. The individual cases will be discussed in separate communi- 
cations. 

Rubijervine from Veratrum album was first isolated by Wright and Luff 
(1), who chose this name because of the red coloration developed by its 
solution in sulfuric acid and because of its association with jervine. They 
derived the formulation C2sHyO2N, which has been accepted by later 
workers (2, 3). Recently, Poethke (3) has described it as a tertiary base 
which possesses two active H atoms perhaps contained in two hydroxyl 
groups, although only a monoacyl derivative, viz. a p-bromobenzoylrubi- 
jervine, was obtained. In the course of our own studies, the analytical 
data obtained with rubijervine and a number of its derivatives have been 
in closer agreement with the formulation, C27HyO.N. In addition to the 
already recorded hydriodide, the hydrobromide and diacetylrubijervine were 
studied. The formation of this diacetyl derivative, which still possesses 
basic properties, definitely establishes the presence of a tertiary N atom, 
as well as two hydroxyl groups in the molecule. Rubijervine did not yield 
an acetonyl compound. Attempts to hydrogenate it with platinum oxide 
catalyst also proved to be negative. 

On dehydrogenation with selenium, rubijervine yielded a volatile basic 
fraction, the major portion of which was found to be 2-ethyl-5-methyl- 
pyridine, which we have already described as a degradation product from 
cevine (4), jervine (5), and protoveratrine (6). This at once strengthens 
the probability of a close structural relationship among them. A large 
resinous residue remained undistilled during the dehydrogenation from 
which an appreciable ether-soluble fraction could be obtained. The latter 
on extraction with acid yielded a resinous mixture consisting partly of 
salts of basic material, but attempts to separate any homogeneous sub- 

41 








42 VERATRINE ALKALOIDS, XV 


stance from this fraction were unsuccessful. There was no evidence of 
the production of cevanthridine. 

On the other hand, the neutral fraction of the dehydrogenation products 
proved of greater interest. When this material was fractionated chroma- 
tographically, a relatively large hydrocarbon fraction was obtained which, 
on fractional distillation, yielded a crystalline hydrocarbon which melted 
at 74-77°. Analyses of this substance were in excellent agreement with 
the formulation C,sHi. This was supported by analyses of the picrate 
(131-132°) and of the trinitrobenzene compound, which melted at 144—-145°, 
A second more tenaciously adsorbed substance was eluted from the alumina 
with methanol and melted at 136-138°. From its analysis and properties, 
it proved to be a phenol, CisHieO. It was soluble in warm alkali and 
coupled with diazonium salts. It is, in all probability, a phenolic deriva- 
tive of the above hydrocarbon CisH ye. 

The formulation CsH;¢ of the hydrocarbon and its ultraviolet absorption 
spectrum! given in Fig. 1, as well as the conditions of its production, sug- 
gest at once a methylevclopentenophenanthrene. The close resemblance 
of this curve to the accompanying one given by | ,2-cyclopentenophenan- 
threne, reproduced from that given by Mayneord and Roe (7), is at once 
apparent. Since its melting point proved to be much lower than that of 
Diels’ hydrocarbon (126—127°), it is most likely isomeric with the character- 
istic dehydrogenation product of the sterols. The melting points of the 
hydrocarbon and its trinitrobenzene compound are, however, close to those 
recorded by Ruzicka, Ehmann, Goldberg, and Hésli (8) for a-methyl-1, 2- 
cyclopentenophenanthrene and its derivative of 76-77° and 143-144° 
respectively. This will be checked further when the opportunity is pre- 
sented. At any rate, on the basis of film measurements on rubijervine, 
which will be published elsewhere and which have indicated an extended 
hexacyclic condensed ring system such as occurs in the sterols and triter- 
penes, it is most probable that the isomerism of this hydrocarbon with 
Diels’ hydrocarbon is restricted to the position of the methyl group. This 
would lend support to the provisional picture of the structure of the vera- 
trine alkaloid nucleus as already presented in connection with our studies 
on the degradation of cevine (9), such as is reproduced in Formula I. In 
this formula, Ring B has been assumed to be 5-membered. The possibility 
of such an arrangement was based on the production by oxidation of a 
hexanetetracarboxylic acid, for which a formula was derived which con- 
tains 2 quaternary C atoms, and also on the production of fluorene hydro- 
carbons instead of phenanthrene derivatives on dehydrogenation. In the 
case also of jervine, evidence has been obtained that dehydrogenation has 

' The absorption spectra curves were kindly determined by Dr. G. I. Lavin of the 
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resulted in the production of fluorene hydrocarbons. Oxidation studies 
have not as yet been attempted with rubijervine. The production of the 
hexanetetracarboxylic acid from cevine (and more recently from germine), 
if not the result of a ring contraction, strongly supports the 5-membered 
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Fic. 1. Absorption spectrum curves. The dash line represents 1,2-cyclopenteno- 
phenanthrene; the continuous line, C,sHis hydrocarbon from rubijervine 
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character of Ring B. It is still possible that instances in which Ring B is 
§-membered, as in the sterols, will be found in the veratrine alkaloids, and 
the experience with rubijervine is particularly suggestive in this regard. 
The production of the above methyleyclopentenophenanthrene presents 
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some analogy to the published experience with the potato alkamine sol- 
anidine (10). The latter is considered to be a sterol derivative, since it 
yields Diels’ hydrocarbon on dehydrogenation and forms a digitonide. In 
accordance with results being presented elsewhere, the probable close 
analogy of the potato alkaloids to the veratrine alkaloids has been made 
quite definite by our isolation in relatively good yield of a volatile base on 
dehydrogenation of solanidine which has been identified as 2-ethyl-3- 
methylpyridine. Our study of the hydrocarbon fraction of the dehydro- 
genation mixture is still in progress. 

Our main source of rubijervine was the mother liquor which had accumu- 
lated after removal of all alkaloidal material which crystallized directly 
from the purified alkaloidal fraction. Although rubijervine and its isomer 
described below could be readily obtained directly by chromatographic 
analysis of such mother liquor, the method was too cumbersome for large 
scale work. The complex amorphous fraction was, therefore, first saponi- 
fied and extracted with chloroform. A copious, sparingly-soluble, crystal- 
line chloroform compound of germine separated, which carried with it an 
appreciable fraction of rubijervine. The chloroform-soluble fraction, 
however, became also the source of rubijervine, as well as of the following 
substance. During the isolation of rubijervine, we have constantly en- 
countered roughly the same amount of a more soluble alkaloid which 
analysis both of the base and of the hydrobromide has shown to be isomeric 
with rubijervine. The trivial name, tsorubijervine, has therefore been 
adopted. Preliminary attempts to isomerize rubijervine with acid or 
alkali have not yielded this new alkaloid. It is probable that it occurs as 
such preformed in the plant. Its investigation was at first complicated 
by the fact that it crystallizes in different forms with different melting 
points, the production of which depended upon the exact procedure em- 


ployed. 
EXPERIMENTAL 


In an earlier paper (6), the procedure was described which was employed 
for the isolation of protoveratrine from benzene extracts of the roots of 
Veratrum album. A second fraction also containing some of this alkaloid, 
as well as a third fraction of more soluble alkaloids, gradually crystallized 
after many weeks standing. The investigation of the more soluble crystal- 
line alkaloids contained in these fractions we hope to describe at a later 
time. 

The final viscous mother liquor which had accumulated from 128 kilos 
of hellebore roots, and which weighed about 1700 gm., was found to contain 
approximately 1200 gm. of resinous material. 750 gm. of this viscous 
mother liquor were dissolved in 4 liters of methanol which contained 250 
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gm. of NaOH. For saponification, the mixture was heated at 60° for 30 
minutes and then allowed slowly to reach room temperature. It was 
gradually treated with 475 ce. of HCl (1.19), and the still alkaline mixture 
after being chilled was filtered from NaCl. The filtrate was concentrated 
in vacuo to remove most of the solvent and after dilution was made strongly 
alkaline with NaOH solution. The mixture was then shaken with a liberal 
volume of chloroform. An emulsion at once formed which held in suspen- 
sion a copious amount of crystals. The collected crystals were alternately 
washed with chloroform and water. The solid consisted principally of a 
chloroform compound of germine, mixed with an appreciable amount of 
rubijervine. The separation of these alkaloids, as well as the isolation of 
germine from the aqueous phase, will be given special consideration in 
Paper XVII. 

The chloroform phase contained in the above filtrate was concentrated 
and, after addition of 95 per cent alcohol, the mixture was again boiled 
down to remove all chloroform. On careful dilution, crystallization of 
needles rapidly occurred. The latter were collected with 70 per cent 
alcohol. The vield of this fraction from 1700 gm. of original viscous mother 
liquor was 28.1 gm. Further crystalline crops were obtained on dilution 
of the mother liquor, and consisted partly of rubijervine and other alka- 
loids, which will be investigated when the opportunity is obtained. 

The above 28.1 gm. of alkaloid were recrystallized from 500 cc. of 95 per 
cent alcohol. Rubijervine separated as needles which melted at 236- 
238° (uncorrected).2. On concentration of the mother liquor to 150 cc., 
a thick paste of larger, flat needles of isorubijervine formed. On being 
heated, most of the solid readily redissolved, but about 1 gm. of sparingly 
soluble needles remained, which were collected. This proved to be addi- 
tional rubijervine. The filtrate on cooling crystallized and gave isorubi- 
jervine, as described below. 

After recrystallization from alcohol, rubijervine formed needles which 
melted at 240—242° (uncorrected). 


la]? = +19.0° (c = 1.00 in ethanol) 


For analysis, the alkaloid which contained solvent was dried at 120° 
and 2 mm. 


CepHyO.N. Caleulated. C 78.38, H 10.49 
Found. (a) ‘* 78.21, ** 10.43 

= (b) ‘* 78.27, “ 10.56 

" (c) ** 78.29, ** 10.55 


* Uncorrected melting points were taken in the usual manner, but not corrected 
for stem exposure. The others are corrected micro melting points. 
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In our previous description of the isolation of protoveratrine (6), it was 
mentioned that, during the reextraction of the crude alkaloid mixture 
with benzene, a “small amount of sparingly soluble alkaloid material 
(protoveratridine) remained suspended in the aqueous phase.” It has 
since been found that this fraction, which had accumulated from the grad- 
ual working up of 224 kilos of hellebore root, consisted largely of inorganic 
salts. This material was reextracted with 10 per cent acetic acid, filtered, 
and the filtrate made alkaline with NaOH. On attempted extraction with 
chloroform, a paste of needles was obtained. The latter proved to be 
rubijervine. By filtration and concentration of the chloroform phase, 
about 9 gm. of rubijervine were directly obtained, which melted at 240- 
241° (uneorrected). 

Diacetylrubijervine—).1 gm. of rubijervine was refluxed with 5 ec. of 
acetic anhydride for 2 hours. The acetic anhydride was removed under 
reduced pressure, and the residue was dissolved in dilute HCl. When this 
solution was extracted with ether, only a small amount of substance was 
obtained. The aqueous phase was made alkaline and extracted with ether. 
The latter yielded a residue which crystallized from methyl alcohol. 50 
mg. of heavy parallelograms were obtained which, after recrystallization, 
melted at 160-163°. 


Cy HgO iN. Caleulated. C 74.80, H 9.59 
Found. ** 75.01, ** 9.68; C 75.00, H 9.70 


Hydrobromide of Rubijervine—O.1 gm. of rubijervine was dissolved in 
methyl aleohol to which an equivalent of HBr was added. After concen- 
tration and addition of acetone, delicate needles separated. The melting 
point, 265-270°, was not sharp. The properties were not changed upon 
recrystallization. 

CyHyO.N-HBr. Calculated. C 65.55, H 8.97 
Found. ‘* 65.51, ‘* 9.17; C 65.30, H 9.22 

Hydriodide of Rubijervine—0.2 gm. of rubijervine was dissolved in a small 
volume of methyl alcohol by the addition of a slight excess of colorless HI. 
Upon cautious addition of ether, the salt crystallized in well formed rosettes 
of needles which melted after previous sintering at 293-296°. 

CyHwyOwN-HI. Caleulated. C 59.86, H 8.19 
Found. ** 59.93, ‘‘ 8.08; C 59.72, H 8.22 

Dehydrogenation of Rulnijervine——A mixture of 12 gm. of rubijervine and 
30 gm. of selenium was heated in an atmosphere of nitrogen in a bath kept 
at 340° for 2 hours. The oily distillate which collected in the receiver was 
treated with ether and the mixture was extracted with a slight excess of 
1:1 HC! in the cold. The ether, which presumably contained a neutral 
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fraction, was set aside. The acid layer when treated with excess KOH 
solution yielded an oil which was taken up in a small volume of ether. 
The alkaline aqueous phase gave no evidence of the presence of phenolic 
products. The ether solution of bases was dried over K,CO, and fraction- 
ated in a 21 cm. micro fractionating column, as recorded in Table I. The 
ether was first removed before the recorded fractionation began. Each 
fraction amounted approximately to 115 mg. 

The boiling points of all but the last fraction were in agreement with 
that for the ethylmethylpyridine from cevine (4) and the analytical data 
were in close approximation with those calculated for CsHyN; viz., C 79.27, 
H9.15. A small portion of Fraction 5 was dissolved in ether and converted 
into the picrate. Upon recrystallization from acetone, well formed plates 


TABLE I 
Fractionation of Volatile Bases 


Analysis 


Fraction No am oe Pressure Micro b.p. | ___ Mao ablase E 
| be H 
( C. mm. <S. per cent | per cent 
l 95 74 40 171 
2 95 74 40 171 78.85 8.92 
3 95 74 40 170 
} 95 74 40 171 
5 95 74 40 
6 95 74 40 
7 95 74 40 
S 95 74 40 172 
i) 95 74 40 170 
10 95 85 32 167 
11 97 85 25 173 78.58 9.08 
12 97 85 3 181 79.53 9.30 





were obtained which melted at 143-144°. A mixed melting point with 
ethylmethylpyridine picrate from cevine showed no depression. 


CsHy,N-CgH,O;N>. Calculated, C 47.98, H 4.03; found, C 48.08, H 3.66 


When the above ether which remained after extraction with HCl was 
examined, it was found to consist almost entirely of the same base which 
had apparently escaped extraction by the acid because of its weakly basic 
properties. 

The residue which remained in the dehydrogenation flask was pulverized 
and thoroughly extracted with ether. The ether extract was shaken with 
10 per cent HCl. The aqueous layer which contained precipitated tar and 
slightly soluble hydrochlorides was set aside to be treated as described 
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below. The ether layer was then extracted with dilute NaOH solution. 
The latter proved to have removed but a very slight phenolic fraction. 
The ether layer was dried over K2,CO; and when evaporated to dryness 
yielded 3.6 gm. of residue. This was dissolved in benzene and chromato- 
graphed through 80 gm. of Brockmann’s alumina. 2.05 gm. of material 
passed readily through the column with benzene. This proved to be 
mainly a hydrocarbon fraction, the fractionation of which is described 
below. Approximately 0.3 gm. of material was then removed from the 
column with ether. Nothing has been accomplished thus far with the 
material of this fraction. 

A final fraction which contained 1.08 gm. was eluted with methyl] alcohol. 
This fraction was sublimed in an apparatus under 0.2 mm. pressure. All 
was collected which distilled up to a temperature of 200° of the oil bath. 
0.8 gm. of sublimate was obtained which appeared to be mostly crystalline 
and after recrystallization from benzene yielded 0.35 gm. of well formed 


needles. After two recrystallizations, the substance melted at 136—138°. 


C)sH,O. Calculated. C 87.05, H 6.50 
Found. ** 86.89, “‘ 6.47; C 87.10, H 6.80 


This substance was unquestionably of phenolic nature, since it dissolved 
in warm dilute alkali and the resulting solution coupled with diazotized 
sulfanilic acid to give a purple-red solution. 

The above hydrocarbon fraction was sublimed under 0.2 mm. pressure. 
1.82 gm. of material distilled up to a temperature of 200°. The distillate 
was dissolved in ether and then treated with a little bone-black to remove 
colloidal selenium. The filtrate was concentrated and placed in a 21 em. 
micro fractionating column under 0.25 mm. pressure. The fractionation 
was carried out as given in Table II. 

Fraction 7 contained a small amount of oily material, but the crystals 
did not entirely melt until a temperature of 70° had been reached. It gave 
analytical data in agreement with a C;sHisx hydrocarbon. Upon recrystal- 
lization from isopentane, it crystallized in square plates which melted at 
73-76°. After a second recrystallization, it melted at 74-76°, and was 
unchanged on further recrvstallization. 


CysHye. Caleulated, C 93.05, H 6.95; found, C 93.13, H 7.03 


All the ensuing fractions up to Fraction 10 appeared to consist princi- 
pally of the same hydrocarbon. 

The hydrocarbon was treated with the calculated amount of picrice acid 
in acetone and chilled at 0°. Long, well formed needles of the picrate were 
obtained which melted at 131-132°, and did not change upon recrystal- 


lization. 
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CisHie-CeHsO7;N;. Calculated, C 62.45, H 4.15; found, C 62.68, H-4:05 


The hydrocarbon was treated with the calculated amount of 1, 3, 5- 
trinitrobenzene in acetone. Rosettes of well formed needles of the addi- 
tion compound were obtained which melted at 144-145°. The melting 
point was not changed by recrystallization. 


CysHig- CsHsO6Ns. Calculated, C 64.69, H 4.30; found, C 64.86, H 4.23 


Isorubijervine—In the above description of the isolation of rubijervine, 
mention was made of the mixture of crystals which was heated to dissolve 
the more soluble isorubijervine before filtration to collect an additional 
1 gm. of rubijervine. The filtrate on cooling rapidly set to a mass of 
needles. After collection with alcohol, 9.2 gm. of the new alkaloid fraction 


TaB_e II 
Fractionation of Hydrocarbons 
Fraction | Bath Column | Weight : Analysis 
No tempera- tempera- (approxi- Character and m.p. eheien 
: ture ture mate) Cc | H 
S, . me. Cc | percent | percent 
l 186 112 60 Oil 
2 195 130 70 = | 89.77 | 10.10 
3 198 140 70 * 
} 200 140 130 iy 90 .20 9.69 
5 202 145 130 90.74 | 9.45 
6 204 152 130 Partly crystalline 92.04 7.83 
7 204 168 130 Below 70 93.15 | 7.06 
S 204 172 230 65-75 
9 204 172 130 58-72 93.19 7.14 
10 220 185 200 58-72 
1] 250 230 Partly crystalline 
12 250 Oil 


were obtained. Concentration of the mother liquor yielded an additional 
5.5 gm. As so obtained, the material melted at 207-210° (uncorrected) 
after preliminary softening. On recrystallization, it was found that the 
tendency of this substance to crystallize in different forms somewhat com- 
plicated the picture. When allowed to stand in contact with the mother 
liquor, there occurred a gradual partial transformation of the needles into 
heavy, well formed prisms. When the mixture was heated, the remaining 
needles dissolved more rapidly. The prisms could then be readily col- 
lected. These were found to melt at 235-237° (uncorrected) after pre- 
liminary softening, and did not contain solvent. 
laln = +6.5° (c = 0.97 in absolute ethanol) 
Cy;7HgwO.2N. Caleulated, C 78.38, H 10.49; found, C 78.47, H 10.34 
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The above form was dissolved in hot 95 per cent alcohol and boiled down 
to smaller volume. When rapidly chilled, a paste of needles formed, which 
was collected. The alkaloid now melted at 215-217° (uncorrected) and 


contained solvent. 
For analysis, it was dried at 120° and 2mm. The loss in weight was 


10.04 per cent. 
CxHyO.2N. Calculated, C 78.38, H 10.49; found, C 78.72, H 10.28 
The hydrobromide of isorubijervine crystallized from alcohol-ether as 
delicate needles which sintered above 275° and gradually softened to a 
resin at 290-295° (uncorrected). 
CoHyO2N - HBr. Calculated, C 65.55, H 8.97: found, Cc 65.69, H 8.87 
All analyses were performed by Mr. D. Rigakos. 
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THE VERATRINE ALKALOIDS 
XVI. THE FORMULATION OF JERVINE 
By WALTER A. JACOBS anp LYMAN C. CRAIG 
(From the Laboratories of The Rockefeller Institute for Medical Research, New York) 
(Received for publication, January 13, 1943) 


Although the original formula, CosH370;N, derived by Wright and Luff 
(1) for jervine appeared to have been substantiated by Salzberger (2) and 
more recently by Saito, Suginome, and Takaoka (3), as well as by Poethke 
(4), the analytical results now obtained in this laboratory with the base, 
its hydrochloride, and hydriodide are in better agreement with the formula- 
tion C27H39g0;N. This conclusion is definitely supported, as shown in 
Table I, by the analytical results which we have also obtained with a num- 
ber of jervine derivatives first described by Saito, Suginome, and Takaoka; 
viz., N-acetyljervine, CoH gO.N, diacetyljervine, C3,H4OsN, nitrosojervine, 
Co7H3s04Ne, and tetrahydrojervine, C2;HyO;N. We have prepared the 
latter not only by catalytic hydrogenation, which we have found to give 
rise to a mixture of isomers, but also by reduction with sodium and butyl 
aleohol, which appeared to produce mainly a different isomeric substance. 

From the formation of a diacyl derivative which involves a secondary 
N atom and an OH group, and also from the results of the active hydrogen 
determination, Saito et al. assumed that the remaining 2 oxygen atoms of 
jervine are contained in a methylenedioxy grouping. Poethke obtained 
similar results with the active H determination and confirmed the produc- 
tion of diacyl derivatives, as well as a neutral nitroso derivative. How- 
ever, he gave evidence against the presence of a methylenedioxy group. 
We have since found that, although the Zerewitinoff determination carried 
out at ordinary temperatures indicates the presence of 2 active H atoms, 
at 95° a total of 4 moles of CH, is liberated. Similar results have been 
obtained with the tetrahydrojervines prepared by both methods. It may 
be concluded, therefore, that the remaining 2 oxygen atoms of jervine are 
contained in two additional, slowly reacting OH (or enolized CO?) groups. 
The attempt to prepare an acetonyl derivative of the alkaloid was un- 
successful. 

Pseudojervine, to which Wright and Luff (1) assigned the formulation 
C25HyO;N, which was confirmed by Salzberger (2), has been revised by 
Poethke (4) to C3sHygOsN on the basis of titration of the base. This 
worker also demonstrated its secondary basic character by the preparation 
of nitrosopseudojervine. Since 5 active H atoms were found to be present, 
one of which is contained in an NH group, it appeared probable that it 
must contain four hydroxyl groups. Unfortunately, we have not suc- 
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ceeded thus far in isolating pseudojervine from the available crude drug 
to recheck the Zerewitinoff determination, as carried out by us in the case 
of jervine. If, as appears probable, six hydroxyl groups should be found, 
it would also be of interest to check its behavior toward acids. The sug- 
gestion has occurred to us that pseudojervine with the Poethke formulation 
of C33HygOsN could be a hexoside of jervine with the revised formulation 
Co7H3,03;N. Our recent observations with solanidine (5) have afforded 
evidence of a relationship to the veratrine alkaloids. The potato alkaloids 
occur as glycosides and thus offer a direct analogy to the suggested char- 
acter of pseudojervine. 


TABLE I 


Jervine and Derivatives 


Calculated on basis of Found 
Substance CxHy»O:N CosHy-O.N 
( H 
Cc H Cc H 
Jervine 76.18 | 9.24 | 75.86 | 9.07 | 76.36 9.08 
76.12 | 9.21 
‘* hydrochloride 70.16 | 8.73 | 69.68 | 8.55 | 70.41 | 8.98 
70.13 | 8.71 
‘* — hydriodide 58.57 | 7.29 | 57.86) 7.10 | 58.80 | 7.47 
58.74 | 7.57 
Tetrahydrojervine (Na reduction) 75.46 10.10 75.12) 9.95 75.42 | 9.76 
75.69 | 10.23 
“ (catalytic) 75.46 | 10.10 | 75.12 | 9.95 | 74.96 | 9.76 
75.16 | 9.93 
75.37 | 9.89 
Nitrosojervine 71.32 | 8.43 | 70.86 | 8.24 | 71.41 | 8.32 
71.15 | 8.66 
N-Acetyljervine 74.47 | 8.84 | 74.12 | 8.67 | 74.46 8.74 
74.41 | 8.78 
Diacetyljervine 73.03 | 8.51 | 72.68 | 8.34 | 73.14 8.47 
73.43 | 8.74 


EXPERIMENTAL 
Jervine—The recrystallized alkaloid employed for the following work 
melted at 237—238° (uncorrected)! after preliminary softening and gave a 
rotation of 


la]lp = —147° (c = 1.04 in ethanol) 
CxHy»O;N. Calculated. C 76.18, H 9.24, N 3.29 
Found. (a) ‘“‘ 76.02, ** 9.34, ‘‘ 3.46 

55: (6b) * 76.30, * 9.25 


1 The uncorrected melting points were taken in the usual manner, but not corrected 
for stem exposure. The others are corrected micro melting points. 
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The Tschugaeff-Zerewitinoff determination was as follows: 15.065 mg. 
of substance gave 1.57 ec. of CH, at 24° (741.5 mm.) and 3.26 ce. at 90° 
(741.5 mm.). Found, H 0.42 at 24° and 0.87 at 90°; calculated for 4H, 
0.95. 

The hydrochloride obtained from the base in methyl alcoholic solution 
separated as heavy parallelograms which, during the micro melting point 
determination, changed to needles at 280° and melted with decomposition 
at 330-334°. 

CH »~O;N-HCl. Calculated. C 70.16, H 8.73 


Found. (a) ‘* 70.41, ‘ 8.98 
- @ “2 "ae 


The hydriodide was obtained from methyl] alcoholic solution as rosettes 
of blades which melted at 302-305°. 
CyHy»O;N-HI. Calculated. C 58.57, H 7.29 


Found. (a) “‘ 58.80, “ 7.47 
a (b) ‘* 57.74, “* 7.57 


The alkaloid itself, recovered from the recrystallized hydriodide, after 
recrystallization from acetone, melted at 244—246°. 


Found, C 76.36, H 9.08; C 76.12, H 9.21 


Tetrahydrojervine—A sdlution of 0.2 gm. of jervine in 20 ce. of butanol 
was heated to boiling and then, after addition of 1 gm. of sodium, vigor- 
ously shaken. After completion of the reaction, the mixture was diluted 
with water and the butanol removed under reduced pressure. The reaction 
product was extracted with hot benzene. The latter, after drying and 
concentration to about 20 ec., yielded the readily crystallizing tetrahydro 
derivative as needles which melted at 227-229°. 

CyHwO;N. Calculated. C 75.46, H 10.10 


Found. (a) ‘ 75.42, ‘* 9.76 
7 (b) “ 75.69, ** 10.23 


8.642 mg. of substance gave 1.45 cc. of CH, at 27° (743.5 mm.) and 2.22 
ec. at 95° (743.5 mm.). Found, H 0.73 at 27° and 1.03 at 95°; calculated 
for 4H, 0.94. 

This substance did not appear to yield a sparingly soluble sulfate. 

0.15 gm. of jervine was hydrogenated in acetic acid solution with 50 mg. 
of platinum oxide catalyst. 2 moles of Hz were absorbed by the substance 
in3to5hours. After removal of the solvent and solution of the residue in 
water, the base was liberated with alkali and extracted with chloroform. 
The residue from the latter gradually crystallized from acetone in small 
amount. By careful manipulation, 15 mg. of a sparingly soluble fraction 
were obtained which, after recrystallization by concentration of its solution 
in warm acetone, formed highly refracting, often six-sided or rhombic 
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shaped platelets which melted at 228-232° (uncorrected). Found, C 74.96, 
H 9.76. 

This substance gave a sparingly soluble sulfate. 

On further manipulation of the main mother liquor, a copious second 
fraction, apparently of an isomer, was obtained from acetone as four-sided 
micro platelets, which melted at 210-212° (uncorrected) after preliminary 
softening. The mother liquor yielded an additional small fraction of the 
same substance. 


Found, (a) C 75.16, H 9.93; (6) C 75.37, H 9.89 


9.195 mg. of substance gave 1.08 ec. of CH, at 26° (735.5 mm.) and 2.25 
ec. at 90° (735.5 mm.). Found, H 0.468 at 26° and 0.974 at 90°; caleu- 
lated for 4H, 0.94. 

Like the higher melting form, this substance yielded a sparingly soluble 
sulfate which crystallized as thin micro leaflets. It also formed a nitroso 
derivative, which crystallized as micro needles on addition of sodium ni- 
trite to the solution in dilute acetic acid. 

Nitrosojervine—This was prepared by the addition of dilute sodium ni- 
trite solution to the alkaloid dissolved in dilute acetic acid. After re- 
crystallization from alcohol, it formed delicate needles which melted with 
decomposition at 250-253° (uncorrected). 

CoH ys0,.N>. Calculated. C 71.32, H 8.43 


Found. (a) “ 71.41, ‘* 8.32 
- (by) ** 71.15, * 8.66 


N-Acetyljervine—A solution of the alkaloid in acetic anhydride prepared 
at room temperature was diluted with water after | hour. The neutral 
acetyl derivative formed glistening prisms from ether, which gradually 
sintered above 210° and melted at 224—225° (uncorrected). 


CosHyOwN. Calculated. C 74.47, H 8.84 
Found. (a) ‘ 74.46, ‘* 8.74 
2 (6) ‘** 74.41, ‘* 8.78 


Diacetyljervine—A solution of the alkaloid in acetic anhydride was boiled 
for several hours. The reaction product obtained after concentration to 
dryness crystallized as rosettes of needles or platelets from dilute alcohol, 
which melted at 162-164° (uncorrected). The melting point depended 
upon the conditions of crystallization since, when recrystallized again from 
dilute acetone, the substance now melted at 147—153° (uncorrected). From 
methyl alcohol, it formed columns which gradually melted at 154-163°. 

CyHywOsN. Calculated. C 73.03, H 8.51 


Found. (a) ‘* 73.14, ‘* 8.47 
- (6) ‘* 73.43, “* 8.74 
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Microanalyses and active H determinations were performed by Mr. 
D. Rigakos. 
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XVII. ON GERMINE. ITS FORMULATION AND DEGRADATION 
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(Received for publication, January 13, 1943) 


In recent systematic studies on the isolation, identification, and formula- 
tions of the alkaloids of Veratrum album, Poethke (1) isolated a new al- 
kaloid, germerine, for which the formulation CjsHs,OuN was derived. 
This alkaloid was shown to be the diacyl ester of an alkamine, germine, 
CoxsHyOsN, with optically active methylethylacetic and methylethyl- 
glycolic acids. At the same time, the protoveratridine of Salzberger (2) 
was shown, contrary to the interpretation of this worker, not to be directly 
related to protoveratrine, but to be a partial saponification product of 
germerine. Protoveratridine is methylethylacetylgermine produced by 
the removal of methylethylglycolic acid from germerine. At the same 
time, Poethke discussed certain analogies in properties and in the data 
on hand between the two alkamines, germine and cevine, which strongly 
suggested their close chemical relationship. Besides certain differences, 
however, in physical properties, there appeared to be a difference in formu- 
lations. Cevine is Co;HgOsN, whereas the formulation CosHyOsN was 
derived for germine both on the basis of its analysis and those of the 
parent alkaloid, germerine, and its salts. 

As our own work has progressed, it has become increasingly apparent 
that there can be no question of a structural relationship among the 
various veratrine alkaloids, and that the whole problem of the determina- 
tion of structure may be mutually facilitated by contributions made by the 
study of the individual alkaloids. We have, therefore, turned to the 
germine of Poethke, to see how far the analogy with cevine could be ex- 
tended. 

In the course of our separation (3) of the individual alkaloids from the 
crude alkaloid fraction from Veratrum album, we have found that the 
mother liquor which remained after removal of all directly crystallizing 
alkaloids contained a large amorphous fraction. On saponification of 
this fraction, it was found a simple matter to obtain in good yield the 
alkamine germine because of the very sparing solubility of its chloroform 
compound. An appreciable amount of rubijervine was carried down in 
this fraction and could be separated easily from germine by recrystallization 
from methanol. Germine, as reported by Poethke, crystallizes with 2 
moles of methanol. Our analyses of the base were always somewhat on 
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the high side in C for the formulation CosHyOsN, although also somewhat 
low for the homologous formula C2;HyO;N. However, it was found that 
germine readily condensed with acetone under the influence of HCl to 
form the crystalline salt of a monoacetony!] derivative; viz., the hydrochloride 
of acetonylgermine. The base obtained from the salt also crystallized 
readily. Analysis of the salt and of the base gave figures which were in 
much better agreement with the formulation C3o90H47OsN, based on that for 
germine of Co;HyOsN than with that based on the older formula CosHgOsN. 
This was supported by the analysis of an isogermine ({a]® = —46.5° in 
ethanol), which we encountered in the mother liquors of germine. 

In view of these results and also of recent experience which has caused 
us to revise the formulations of jervine (4) and rubijervine (5) to C27H39O3N 
and Ce;HyOoN respectively, we conclude that germine is isomeric with 
cevine, CozHyOsN. Unlike cevine, germine yields a crystalline acetonyl 
derivative. The production of such a derivative indicates that germine 
must contain two hydroxy! groups which are vicinal or removed by only | 
carbon atom, as in hederagenin (6). The failure of cevine to yield such a 
derivative may be due either to the absence of neighboring hydroxyl groups 
or to a trans configuration. 

The results of active H determinations on both germine and cevine have 
been in fair agreement with the presence in each of eight hydroxy! groups. 
In accord with this, acetonylgermine was found to contain 6 active H atoms 
or six hydroxyl groups. These results are not in accord with the experience 
of Poethke, who could ascertain only 6 active H atoms in germine, or with 
that of Freund and Schwarz (7), who much earlier reported only 6 active 
H atoms in cevine. However, the inconsistencies between the results 
obtained by these workers with the alkamines, the acylated alkamines, 
and the original alkaloids make somewhat doubtful the validity of their 
results. 

Since the oxygen atoms of both germine and cevine appear to be con- 
tained only in hydroxyl groups, the hydrocarbon of reference is C2;H», 
which differs from a straight chain hydrocarbon by seven rings or double 
bonds. In the case of cevine, a double bond (or CO group?) has been 
indicated by its behavior on hydrogenation with Raney’s nickel catalyst, 
as already reported by us (8). We have not as yet had opportunity to 
study the behavior of germine in this regard. However, it appears prob- 
able that both cevine and germine possess hexacyclic ring structures, 

Our study of the degradation of germine has shown a further close 
analogy with our experience with cevine. On dehydrogenation with 
selenium, the main volatile basic product has been found to be 2-ethyl-5- 
methylpyridine, as in the case of the other veratrine alkaloids (3, 9). 
From the volatile hydrocarbon fraction, a small amount of a hydrocarbon 
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was obtained, analysis of which suggested the formulation C;sH,s. This, 
however, can be only a tentative interpretation. On the other hand, from 
the undistilled dehydrogenation mixture, both cevanthridine and cevan- 
throl first obtained by Blount (10) from cevine were definitely isolated in 
appreciable amounts. 

Finally, on oxidation of germine with chromic acid, the hexanetetra- 
carboxylic acid first obtained by us from cevine (11) was also isolated in 
appreciable amounts as the tetramethyl ester. No indication, however, 
was obtained of the production of the precursor of decevinic acid. This is 
perhaps best interpreted as due to different positions occupied by one or 
more of the hydroxyl groups in the two alkamines. 


EXPERIMENTAL 


In the previous paper on rubijervine (5), a chloroform compound of 
germine was mentioned which was stated to carry with it appreciable 
amounts of rubijervine. This fraction at once crystallized when the 
saponification mixture from 750 gm. of crude non-crystalline alkaloid 
syrup was shaken with chloroform. The amount of crystalline solid col- 
lected was 134 gm. The chloroform phase of the filtrate became the 
source of rubijervine and isorubijervine, as already recorded. The chloro- 
form extraction of the alkaline aqueous phase was then continued with 
100 ec. portions of chloroform. Since extracted material was persistently 
removed, it became necessary to repeat the extraction roughly 100 times. 
At intervals, twenty such extracts were combined, dried over K2COs, and 
concentrated to about 150 cc. At this point, additional germine-chloro- 
form compound crystallized, which amounted from all extracts to 13 gm. 
Following preliminary studies to determine its identity, this fraction was 
joined with the main fraction of 134 gm. for recrystallization. This was 
accomplished by solution in 2 liters of hot methanol to which 16 ee. of 
acetic acid had been added. ‘The filtered solution was boiled down to 
about | liter and treated with 20 ec. of ammonia (0.9). Germine rapidly 
crystallized as heavy prisms which contained solvent. About 85 gm. were 
directly obtained. 

For analysis, the substance was dried at 110° and 2 mm. 


CoH yON. Caleulated. C 63.61, H 8.51 
CoH .O.N. “ ** 62.99, “* 8.34 
Found. (a) ‘ 63.04, ‘‘ 8.57 

(b) ‘* 63.23, ‘* 8.49 


Aside from the interpretation of the analytical data and the active H 
determination given below, the data obtained were essentially a confirma- 
tion of the experience of Poethke. 
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A portion was recrystallized by solution in a large volume of boiling 
methanol, followed by concentration to smaller volume. The base sepa- 
rated as beautifully formed prisms, which gradually softened to a slowly 
effervescing resin about 163-173°, and melted finally on higher heating 
to about 220°. 


la]é = +5.0° (c = 1.03 in 95 per cent ethanol) 
For analysis, the substance was dried at 110° and 2 mm. 


CyHwOsN-2CH;OH. Calculated, CH;OH 11.17; found, 10.56 

Anhydrous Substance—CyHyOsN. Calculated. C 63.61, H 8.51 

Found. “* 63.32, ‘* 8.93 
« 63.15, “ 8.68 

The Tschugaeff-Zerewitinoff determination was as follows on dried sub- 
stance: 3.690 mg. of substance gave 1.46 ec. of CH, (27°, 736 mm.); no 
change at 95°. Found, H 1.57; calculated for 8H, 1.58, 7H, 1.38. 3.720 
mg. of substance gave 1.38 ec. of CH, (25°, 743 mm.); no change at 95°. 
Found, H 1.48. 

For comparison, the following determination was made on cevine, which 
was dried at 110° and 2mm. 2.920 mg. of substance gave 1.06 ec. of CH, 
(25°, 743 mm.); no change at 95°. Found, H 1.47; calculated for 8H, 
1.58, 7H, 1.38. 

Isogermine—The chloroform mother liquor from the fraction of 13 gm. 
of germine described above was concentrated in vacuo to remove all chloro- 
form. This was facilitated by the use of 95 per cent alcohol. The result- 
ing resin (some weeks later) was redissolved in a small volume of 
chloroform, when copious crystallization occurred. The collected crystals, 
which amounted to 2.6 gm., gradually melted at 250-252° (uncorrected)! 
after preliminary sintering. The material was found to contain chloroform 
of crystallization. It was therefore redissolved in hot methanol and con- 
centrated to about 15 ec., when a copious separation of needles occurred. 
After collection with solvent, it darkened above 245°, and then gradually 
sintered above 250°, but was not completely melted until 260° was reached. 


[ap] = —46.5° (c = 1.01 in ethanol) 
The substance was practically without solvent. 
CyHgOsN. Calculated, C 63.61, H 8.51; found, C 63.48, H 8.46 


When the methanol mother liquor of the above fraction of 85 gm. of 
germine was concentrated to about 250 cc., it remained clear, since the 
dissolved material consisted essentially of acetates. On addition of am- 


‘ Uncorrected melting points were taken in the usual manner, but not corrected 
for stem exposure. The others are corrected micro melting points. 
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monia sparingly soluble needles rapidly separated, which proved to be 
rubijervine in a yield of about 4 gm. (m.p. 240-242°) (uncorrected). As 
directly obtained, the analysis was as follows: 


CxHwO.N. Calculated, C 78.38, H 10.49; found, C 77.91, H 10.55 

Acetonylgermine—0.15 gm. of germine was dissolved in a small volume 
of absolute alcohol by the addition of sufficient strong HCl to turn Congo 
red. After concentration to small volume, a few cc. of dry acetone were 
added. On rubbing, a mass of needles soon separated. After collection 
with acetone, the acetonyl derivative was recrystallized by solution in a 
small volume of methanol followed by addition of acetone. It separated 
as hexagonal or rhombic platelets, which began to discolor and gradually 
shrink above 255° to a resin which melted with decomposition at 275° 
(uncorrected). 


CyHwOsN-HCl. Calculated. C 61.45, H 8.26, Cl 6.05 


CoHyOsN - HCL. sé “e 60.86, ““ 8.11, “ 6.20 
Found. “ 61.74, “ 8.52, “ 5.92 
- ** 61.28, “* 8.65 


The hydrochloride was dissolved in water and after precipitation with 
excess NasCO; solution, the free base was extracted with a necessarily 
large volume of benzene. The benzene solution on concentration to 
small volume yielded needles or long platelets of the base, which melted 
gradually at 235-239° (uncorrected) with decomposition after preliminary 
softening and discoloration. 

CyHgOsN. Calculated. C 65.53, H 8.62 
CopHgsOgN. . ** 65.00, ‘* 8.47 
Found. (a) ‘* 65.78, ‘* 8.63 

Pn (b) ** 65.84, “* 8.62 


4.180 mg. of substance gave 1.0 ec. of CH, (27°, 736 mm.); at 95°, 1.10 
ec. Found, H 0.95 and 1.04 respectively; calculated for 6H, 1.1. 3.65 
mg. of substance gave 0.94 cc. of CH, (25°, 743 mm.); no change at 95°. 
Found, H 1.04. 


Oxidation of Germine 


A solution of 10 gm. of germine in a mixture of 100 ec. of HxSO, and 400 
cc, of water was treated gradually with 38.2 gm. of CrO;. The temperature 
was not allowed to rise until all the CrO; had been added. The mixture 
was then heated at 90° for 2 hours, after which CrQ; still persisted. After 
the mixture was cooled, the excess reagent was reduced with hydrazine 
hydrate and the solution was continuously extracted with ether until all 
extractable acid had been removed. The ether extract was dried and 
esterified with diazomethane. After removal of solvent, the residual oil 
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was distilled in a sublimation apparatus under reduced pressure. 3.3 gm., 
or practically all, distilled up to an oil bath temperature of 170° under 0.2 
mm. pressure. The distillate was then fractionated in a micro fractionat- 
ing column 21 em. in length, according to the data recorded in Table I. 
The pressure during the distillation was approximately 0.25 mm. 
Hexanetetracarboxylic Tetramethyl Ester—The analytical data obtained 
with Fractions 2, 3, 10, and 15 all appreached the requirements of the 


TABLE | 


Fractionation of Esters 








Fraction Bath Column Weight Analysis 
i. tempera tempera- approxi Physical appearance “al 
ture ture mate ( H OCH, 
( ( me per cent per cent per cent 

l 170 100 70 Oil 

2 185 110 100 " 52.10 7.09 38.57 
3 178 120 100 sss 52.00 7.06 37.15 
4 180 135 50 

5 LSO 140 120 

6 180 140 120 Semiliquid 

7 180 140 120 Crystalline 

Ss 1SO 140 120 ” 

+) LSO 140 120 
10 180 140 120 i 52.92 7.02 
ll 180 140 120 se 
12 180 140 120 "3 
13 ISO 140 120 
14 185 145 120 
15 190 145 120 52.92 7.03 38.61 
16 200 150 120 Semiliquid 
17 230 200 120 Resin 
18 | 240 225 120 Ke 52.10 6.02 


tetramethyl ester of the hexanetetracarboxylic acid obtained from cevine 
(9); viz., 


CyH»Os. Caleulated. C 52.80, H 6.97, OCH, 39.07 


Of these fractions, No. 15 possessed the sharpest melting point. It 
melted at 63-64°, and the rotation was [a]* = +21° (c = 1.72 in metha- 
nol). The melting point was not appreciably changed by recrystallization. 
These properties are in good agreement with those observed with the 
substance from cevine. A mixed melting point showed no depression. 

Fraction 18 superficially exhibited the properties of the ester of the 
precursor of decevinie acid, viz. CyyHyOs, but the analytical data were 
quite far removed from those of this substance (C)7HaOs, calculated, 





a 
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C 57.27, H 6.79). However, as a control it was hydrolyzed with excess 
alkali and the acid obtained subjected to pyrolysis at 180°. No decevinic 
acid could be isolated from the mixture. 


Dehydrogenation of Germine 


Volatile Bases—A mixture of 20 gm. of germine and 60 gm. of selenium 
was heated in a modified distillation flask, after the air was displaced by 
nitrogen, to a temperature of 340° for 2 hours. The distillate was treated 
with 2 cc. of concentrated HC! in the cold, and the mixture was extracted 
with ether. The ether extract was set aside. The acid layer was made 
alkaline with KOH, and the liberated bases were extracted with ether. 
Examination of the alkaline layer gave no evidence of the presence of 
phenols. The ether extract was dried over K:CO; and fractionated. 
After the ether had been removed, fractionation was continued in a 22 cm. 


TaBLe II 


Fractionation of Volatile Bases 


; Bath Column . Analysis 
Fraction No. | temperature | temperature Pressure Mero Sp. | <i oe 
Cc H 
( c.. mm. C. per cent per cent 

107 66 50 105 | 

2 109 68 50 149 77 .33 8.65 
3 110 71 50 168 

4 111 70 46 169 78.6 9.17 
5 110 66 32 172 

6 110 66 20 172 78.31 9.09 
7 110 66 14 172 

5S 110 66 8 172 

l 


84 76.58 | 9.26 


8) 120 


micro fractionating column, as recorded in Table II. Each fraction 
amounted roughly to 70 mg. 

A portion of Fraction 1 was treated with double its weight of picrie acid 
in acetone. Stout, pointed needles were obtained which melted at 145- 
149° and were practically indistinguishable from the 8-picoline picrate 
obtained from the dehydrogenation of cevine. A mixed melting point 
showed no depression. 

CsH;N-CeH;O;N;. Calculated, C 44.70, H 3.13; found, C 45.25, H 3.10 


Fraction 4 had reached approximately the boiling point of 2-ethyl-5- 
methylpyridine and gave analytical data which suggested this substance. 
(CsHyN, calculated, C 79.29, H 9.15.) <A portion of the sample was 
treated with an equivalent of picric acid in acetone. Broad, thin leaves 
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were obtained which began to melt at 143°, and then resolidified almost 
completely and remelted at 150-151°. A mixed melting point of this 
picrate with the picrate of ethylmethylpyridine from cevine showed no 
depression. 

CsH,,N-CsH;0;N;. Calculated. C 47.98, H 4.03; found, C 48.19, H 3.92 


The boiling points and analytical data of the later fractions indicated 
the almost complete absence of oxygenated pyridines among the dehydro- 
genation products. 

Hydrocarbon Fraction—The residue which remained in the dehydro- 
genation flask was finely powdered and exhaustively extracted with ether, 
The ether extracts were concentrated somewhat and extracted with 10 per 
cent HCl. The tarry aqueous layer, which contained the cevanthridine 
fraction, was set aside to be treated as described below. The ether extract 
was dried over K:CO; and concentrated to dryness. 0.8 gm. of residue 
remained. This material was combined with the same fraction from 


TaB_e III 
Fractionation of Hydrocarbons 
Fraction No. Bath temperature Weight (approximate 
Cc my 
] 170 120 
2 180 145 
3 190 120 
4 230 100 
5 250 100 


another run of equal size and dissolved in 10 cc. of benzene. The solution 
was passed through a column of 30 gm. of Brockmann’s alumina, followed 
by additional benzene. The first 75 ec. of benzene which emerged con- 
tained 0.85 gm. of hydrocarbons which crystallized on cooling. After more 
benzene was passed through the column and then ether, the alumina was 
finally eluted with methanol. This last fraction contained the cevanthrol 
fraction and will be described below. The hydrocarbon fraction was 
distilled under 0.2 mm. pressure without the use of an efficient column, 
since the amount of material was inadequate. Five fractions were, how- 
ever, collected, as recorded in Table III. 

All of the fractions were more or less crystalline, but the last three 
contained selenium. Fraction 2 was recrystallized from ether. 80 mg. 
of material were obtained which melted at 110-150°. After two further 
recrystallizations, the melting point rose to 160-167°. Analytical data and 
the molecular weight determination indicated a formulation of CisHis> 











~ 
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CisHys. Calculated. C 92.24, H 7.77 
Found. “* 92.37, “* 7.56; C 92.23, H 7.49 


The molecular weight was determined by the Rast method. 


0.89 mg. substance: 11.08 mg. camphor; A = 13.5° 
Mol. wt. found, 228.8; calculated, 234.1 


Cevanthrol—The cevanthrol fraction from above was sublimed under 
0.2 mm. pressure. 0.3 gm. of material sublimed up to a temperature of 
200°. After repeated recrystallization from benzene, 97 mg. of leaves were 
obtained which melted at 193-196° and showed no depression when mixed 
with cevanthrol from cevine. Its crystalline form and properties appeared 
to be identical in all respects. 


CyH,,O. Calculated, C 86.39, H 6.83; found, C 86.22, H 6.63 


Cevanthridine—The tarry aqueous layer mentioned above, containing 
the cevanthridine fraction, was extracted with chloroform. This dissolved 
all tar, as well as the hydrochlorides of the bases. The aqueous layer was 
discarded. The chloroform extract was washed with dilute NaOH and 
dried over K2CO;. Upon evaporation, 2.6 gm. of residue were obtained. 
This was combined with the similar fraction from a second dehydrogenation 
experiment of the same size, and dissolved in about 50 cc. of benzene. 
The benzene solution was passed through 150 gm. of Brockmann’s alumina 
and followed by fresh benzene. As soon as material began to emerge 
from the column, fractions of 50 cc. were collected. The first fraction 
contained 0.46 gm. of residue which did not crystallize. The second frac- 
tion contained 1.66 gm. which crystallized in large part but from which it 
was difficult to obtain sharply melting material upon repeated recrystal- 
lization. The third fraction yielded 0.7 gm. which crystallized readily 
and on recrystallization from benzene gave pure cevanthridine which 
melted at 210-213°. A mixed melting point with an authentic sample 
obtained from cevine showed no depression. Its properties were identical 
in other respects. 

CosHazN. Calculated. C 87.92, H 7.97 
Found. ‘* $7.87, ‘* 8.02; C 87.69, H 7.81 

More material could be eluted from the column, but it has not been 

studied thus far. 


All analyses and active H determinations were made by Mr. D. Rigakos. 


Addendum—Since this paper was sent to press, we have obtained a crystalline 
alkamine on hydrolysis of the alkaloid protoveratrine. This alkamine, first isolated 
in amorphous form by Poethke (1) and called by him protoverine, was given the 
formulation C.sHyOwN. Our analytical results, however, fit best with a formulation 
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CyHyO,N. The presence of a double bond in protoverine has been shown by re. 
duction to a dihydroprotoverine, CxHwO,N. Similarly, germine has been reduced 
to a dihydrogermine, CxHyOsN. These tertiary bases, like cevine and solanidine, 
must therefore be hexacyclic bases. 
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The recent discovery of the reversible phosphorolysis of polysaccharides 
by Cori and Cori (1, 2), Kiessling (3), and Hanes (4) has shed considerable 
light on the mechanism of synthesis of glycogen and starch in animal and 
plant tissues. On the other hand, very little is known about the mech- 
anism of sucrose formation in plants. It has been suggested previously 
(5-8) that phosphorylated sugars may play a réle in the synthesis of sucrose, 
but no direct evidence has been brought forth thus far in support of this 
view. Since invertase is widely distributed in plants, it has been held by 
some investigators (5, 8) that this enzyme is responsible not only for hy- 
drolysis of sucrose, but also for its formation. This view, however, could 
not be substantiated (9, 10). It is of interest to point out in this connec- 
tion that attempts to synthesize sucrose by chemical methods have not 
met with success to date (11, 12). 

The occurrence of such an enzymic phosphorolysis in bacteria gives prom- 
ise of helping to explain not only the mechanism of sucrose synthesis, but 
also the so called “‘direct”’ utilization of disaccharides claimed to occur in 
some microorganisms (13, 14). 


EXPERIMENTAL 


The organism Pseudomonas saccharophila Doudoroff (15) was selected 
for the present studies. This organism exhibits the unusual ability of 
developing more rapidly with certain complex sugars than with mono- 
saccharides. Under certain conditions, it oxidizes such sugars as sucrose, 
trehalose, maltose, melibiose, and raffinose at a much higher rate than the 
constituent hexoses. 

The bacteria were grown in a liquid medium containing M/30 KH,PO,- 
NasHPO,, Sérensen phosphate buffer at pH 6.64, 0.1 per cent NH,Cl, 
0.05 per cent MgSQO,, 0.005 per cent FeCl;, 0.001 per cent CaCl, and 
0.3 per cent sucrose at 29° with constant agitation to provide ample aera- 
tion. Under such conditions, almost 50 per cent of the carbon content of 
sucrose is converted into cell material, the remainder being oxidized to COs. 
Traces of reducing sugar appear in the medium, as well as occasionally small 
amounts of pyruvic acid, which disappears in the later stages of develop- 
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ment. The cells were harvested by centrifugation, washed twice with dis- 
tilled water, and dried at room temperature in vacuo over PQs. 

For experimental purposes, preparations were made by grinding a suffi- 
cient amount of dry bacteria with water to result, after various further 
additions, in a final suspension containing 2 per cent of the dried cells by 
weight. Such suspensions were found to possess a negligible endogencus 
respiration (5 to 12 ¢.mm. of O, per 2 ec. per hour) which was practically 
unaffected by the addition of sugars as substrates or by treatment with 
fluoride and iodoacetate. An equally negligible production of acid (10 
to 15 e.mm. of CO, liberated from bicarbonate per 2 ce. per hour) was also 
observed both under aerobic and anaerobic conditions in the absence of 
substrate. Since the organism is an obligate aerobe, incapable of ferment- 
ing sugars, it is not surprising that no fermentation of sucrose or glucose 
could be detected with the dry cell preparations. 

Phosphorolysis of Sucrose—When dry bacterial preparations were 
incubated with phosphate or phosphate-bicarbonate-CO, buffers at pH 
6.3 to 7.0 in the presence of sucrose, a rapid esterification of inorganic 
phosphate was observed. The disappearance of the phosphate could be 
measured either with the aid of a modified Fiske-Subbarow method or 
manometrically in a Warburg respirometer (as COs liberated from bi- 
‘varbonate by the formation of a strongly acidic ester). No esterification 
whatever could be observed with glucose, fructose, or a mixture of the two 
by such cells, nor by preparations made with bacteria grown with glucose 
as sole carbon source. The esterification of phosphate in the presence 
of sucrose was not inhibited by either 0.05 m fluoride, 0.01 mM iodoacetate, 
or both, and proceeded equally well under aerobic and anaerobic condi- 
tions. All of the esterified phosphate could be shown to be in the barium- 
soluble, 7 minute-hydrolyzable fraction of the suspensions. The ester 
was separated and identified as glucose-1-phosphate as follows: The reac- 
tion mixture was treated with trichloroacetic acid, centrifuged, and then 
barium acetate added. After neutralization and removal of the inorganic 
phosphate, the barium salt of the ester was precipitated by the addition 
of 3 volumes of ethanol. The material was extracted twice with water, 
the insoluble residue discarded, and the supernatant liquid precipitated with 
1.5 volumes of aleohol. After this operation was repeated, the material 
obtained was almost completely soluble in water. The substance did not 
reduce alkaline copper or ferricyanide solutions. However, on hydrolysis 
with 1 N sulfuric acid for 7 minutes at 100°, and neutralization of the 
solution, after removal of the barium sulfate precipitate, an osazone was 
formed. This was identified as glucosazone. That it was the osazone 
of glucose and not of fructose is indicated by the negative Roe test (16) 
and by the hypoiedide reaction given by the hydrolyzed solution. 
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The barium salt of the ester was converted into the dipotassium salt as 
follows: The salt was dissolved, and a sufficient amount of sulfuric acid was 
added to make the pH of the solution 1.8. The precipitated barium 
sulfate was removed by centrifugation, the solution was brought to pH 8.3 
with potassium hydroxide, and 1.5 volumes of ethanol were added. After 
24 hours the ester separated out in the form of a crystalline salt. The 
erystals were filtered off, washed with alcohol, and dried in vacuo at 40°. 

A few.of the crystals were dissolved in water and treated with potato 
phosphorylase at pH 6.0. Starch, which was identified by the brilliant 
blue color when treated with iodine, rapidly appeared. This reaction is 
characteristic of glucose-l-phosphate (4). 

The following analyses were obtained. 


CeHuOs O- POs: Ke 2H2O Calculated Found 
P 8.33 8.1 
Aldose 48.38 48.0 


Specific Rotation—{a|p = +78° (in water, c = 1) 


It might be expected that the phosphorolysis of sucrose would lead to 
the production of 1 mole of fructose per mole of Cori ester in accordance 
with the equation, sucrose + H;PO, — glucose-1-phosphate + fructose. 
This, indeed, was found to be the case. 

In addition to the phosphorolytic property, the suspensions showed a 
rather strong invertase activity resulting in the formation of glucose and 
fructose in equimolar ratio. That this was not due to a phosphorolysis 
followed by a hydrolysis of the Cori ester to glucose and phosphate is in- 
dicated by the fact that glucose-l-phosphate remained practically un- 
attacked when supplied as substrate under similar conditions, except for 
a slight initial dephosphorylation to be discussed further. 

To show the quantitative relationship between the various products of 
sucrose breakdown, 10 cc. of a 2 per cent suspension of dry bacteria were 


‘prepared in approximately m/60 phosphate buffer solution at pH 6.64 


containing approximately 0.05 m sucrose, 0.1 m NaHCOs, 0.05 m NaF, 
and 0.01 m iodoacetate. The suspension was shaken for 1 hour at 29° 
in an atmosphere of COs, whereupon trichloroacetic acid was added and 
the precipitate centrifuged off. A control experiment was carried out 
under similar conditions, except that sucrose was not added until after 
precipitation with trichloroacetic acid. An aliquot of the neutralized 
supernatant liquid was analyzed for inorganic phosphate, while, in another, 
the phosphate ester was removed as the lead salt. 

Total reducing sugars were determined after removal of the ester by 
the method of Hassid (17) and glucose by the reduction of hypoiodite (18). 
Fructose was estimated by difference, after correction for the reduction 
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of hypoiodite by fructose and sucrose in solution had been applied. Su- 
crose was determined by the increase in reducing sugar after acid hydrolysis, 
The lead salt of the ester was hydrolyzed and the glucose content deter- 
mined as above, with a small correction for the ester remaining in solution, 
determined as hydrolyzable phosphate. The results are presented in 
Table I. 

To show the interrelation of phosphorolytic and hydrolytic activities 
carried out by the preparations, two aliquots of a suspension were allowed 
to act on approximately m/30 sucrose in M/15 NaHCO; in an atmosphere 
of COs. One contained only the inorganic phosphate introduced with the 
dry cells (0.0043 m), while the other was made up with pH 6.5 phosphate 
buffer to a concentration of 0.022 M. 

Samples were removed, after various periods of incubation with constant 
shaking at 29°, and analyzed for reducing sugar and for inorganic phos- 


TABLE I 
Sucrose Breakdown by Dry Cell Preparation 


meq. 


(a) Sucrose utilized (as hexose).... 0.565 
(b) P esterified (Fiske-Subbarow method) 0.137 
(c) Glucose esterified (hydrolysis of ester) 0.140 
(d) ** found as free sugar 0.151 
(e) Fructose “ oe 7 0.294 
(f) ‘* in excess of free glucose (e) — (d) 0.143 
(g) Products recovered (c) + (d) + (e) 0.585 
Recovery of sucrose products (g/a), % , 103 

Ratio, fructose to Cori ester in phosphorolysis (f//c) 1.02 


phate. The results are presented in Table II, together with the computed 


amount of sucrose utilized, obtained by .the summation of esterified 


and reducing sugars found. 
It may be seen from Table II that the phosphorolytic and hydrolytic 


enzymes apparently compete for the sucrose. The nature of the data 
makes it impossible to compute an equilibrium constant for the phos- 
phorolysis. The possibility of separating the two functions of the prep- 
arations will be investigated in the future. It is interesting to note that 
following the initial increase in esterified phosphate, there is a gradual 
decrease, strongly indicating the reversible nature of the phosphorolysis, 
which was proved by further experiments. The irreversible hydrolysis 
of sucrose would force the phosphorolytie reaction to the left, resulting 
in the disappearance of the ester. 

Synthesis of Sucrose—aAs stated earlier, dry cell preparations were found 
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to have very little action on glucose-1-phosphate under conditions favoring 
phosphorolysis. Thus when m/9 Cori ester (K salt acidified to pH 6.3 to 
6.5 with acetic acid) was added to a preparation in M/15 NaHCO; in an 
atmosphere of CO2, only a small fraction (about 2 per cent) of the phos- 
phate was split off in 40 minutes at 29°, after which time no further dephos- 
phorylation occurred. Measurements of the reducing sugar value indi- 
cated a somewhat greater amount of reducing sugar formed than would 
be expected if the process were merely hydrolytic (phosphatase) activity, 
and suggested that, besides hydrolysis, the formation of a small amount 
of reducing ester (such as glucose-6-phosphate) might take place (1). No 
starch or glycogen could be detected with iodine. 

When, however, M/9 fructose was added together with glucose-1-phos- 
phate under similar conditions, a fairly rapid and constant liberation of 


TaBLe II 
Course of Sucrose Breakdown 








M.eq. per 10 cc. after various periods of 


incubation at 29 








30 min. | 60min. | 120 min. | 180 min 
I. (Initial phosphate 0.0043 m) | 
(a) Total P esterified 0.024 | 0.018 0.017 0.003 
(b) Reducing sugar produced. . 0.209 0.356 0.479 0.561 
(c) Sucrose used (as hexose) (a) + (b)..) 0.233 | 0.374 | 0.496 0.564 
II. (Initial phosphate 0.022 m) 
(a) Total P esterified 0.100 | 0.113 | 0.093 0.085 
(b) Reducing sugar produced. . 0.259 | 0.366 0.456 0.510 
(c) Sucrose used (as hexose) (a) + (b)..| 0.359 0.479 0.549 0.595 








inorganic phosphate was observed, accompanied at first by a decrease in 
reducing value, and later by an increase paralleling the liberation of phos- 
phate. This was taken as evidence for the formation of a non-reducing 
sugar from glucose-1-phosphate and fructose, followed by its hydrolysis to 
hexose constituents. 

The non-reducing sugar was identified as sucrose by the simultaneous 
determination of increase in reducing value and change in optical rotation 
of the deproteinized and neutralized solutions before and after inversion 
with yeast invertase. (Small corrections for the reducing and optical 
properties of the invertase preparations obtained from the Wallerstein 
Laboratories were made. Inorganic phosphate determinations before and 
after inversion indicated no effect of invertase on the Cori ester present.) 

In one experiment, the total amount of sucrose was calculated as 9.05 mg. 
(+0.28 mg.) on the basis of reducing value, and as 9.55 mg. (+0.6 mg.) 
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on the basis of polarimetric readings. In another case, 10.64 mg. (+0.5 
mg.) were found by the former method as compared with 11.1 mg. (+1 mg.) 
by the latter. No sucrose could be detected in the controls, to which 
trichloroacetic acid was added before glucose-1-phosphate and fructose, nor 
in preparations with fructose alone, the Cori ester alone, or glucose and 
fructose together. 

Table III shows the relation of synthesis of sucrose to the utilization of 
glucose-l-phosphate and fructose by 5 ec. of a bacterial preparation with 
M/15 NaHCOs;, m/9 Cori’s ester, and 0.108 m fructose incubated at 29° 
in an atmosphere of CO.. Both the theoretical values for sucrose, com- 
puted as reducing sugar unaccounted for, and the actual values, found as 
increase in reducing sugar after hydrolysis with invertase, are given. 
From Table III it is evident that, under the conditions of the experiment, 
the sucrose concentration rapidly reaches a value approximating 6 per 


TaBLe III 


Sucrose Formation from Glucose-1-phosphate and Fructose 


M.eq. per § cx 


0 min 30 min 60 min. 120 min 180 min. 
(a) Reducing sugar 0.541 0.509 0.521 0.542 0.570 
(b) Total change in reducing sugar. ~0.032 0.020 +0.001 +0.029 
(c) P liberated from Cori ester 0.021 0.047 0.068 0.095 
(d) Sucrose calculated (as hexose 
(ec (b 0 0.053 0). 067 0.067 0.066 
(e) Sucrose found (as hexose) with 
0 0.051 0.062 0.066 0.069 


invertase 


cent of the sum of the constituents, and remains constant at this level, at 
which the rate of hydrolysis must equal that of synthesis. Other experi- 
ments gave as good or even better agreement between the theoretical 
sucrose values and those actually determined with invertase. 

Treating with iodoacetate and fluoride did not materially affect the 
reaction. The addition of m/70 sucrose was shown to depress the liber- 
ation of inorganic phosphate by preparations with the Cori ester and 
fructose, but the addition of M/60 phosphate buffer or of veast invertase 
to the suspensions did not appreciably affect the rate. 

Experiments with Other Sugars—It has already been stated that no 
esterification of inorganic phosphate could be observed with glucose as 
substrate even by preparations of bacteria grown with glucose as sole 
carbon source. It might be expected that a phosphorolysis of trehalose 
and maltose would be observed with dried bacteria obtained from cuitures 
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with these sugars. However, no esterification could be detected in the 
presence of these sugars under conditions similar to those employed in 
experiments with sucrose. Either the phosphorolytic enzymes were inac- 
tive in these preparations, or the breakdown of these sugars follows a 
different course than that for sucrose. This observation was disturbing, 
in view of the fact that, especially with trehalose, the metabolism of the 
bacteria, both in growing cultures and in resting cell suspensions, is re- 
markably similar to that with sucrose. 

An interesting observation was made with trehalose-grown bacteria; 
namely, that the dry cell preparations were capable of hydrolyzing this 
sugar fairly rapidly, although the intact cells have very little activity, 
recalling the findings of Deere et al. (19, 20). That this hydrolysis was 
not due to a phosphorolysis coupled with phosphatase activity seemed 
almost certain from the findings that it proceeded at exactly the same rate 
both in the presence and in the absence of added phosphate, and that 
glucose-l-phosphate was attacked at a very low rate as compared with 
that for the hydrolysis of trehalose. Of further interest was the obser- 
vation that preparations from cultures grown with trehalose showed 
neither an appreciable hydrolysis nor phosphorolysis of sucrose. This was 
not unexpected, in view of the extremely adaptive character of the en- 
zymes reported previously for this bacterium. 

DISCUSSION 

Although the discovery of the phosphorolytic breakdown and synthesis 
of sucrose by preparations of Pseudomonas saccharophila is of general 
interest, it falls short of explaining the behavior of the intact organisms 
with respect to this sugar as well as other disaccharides. The living cells 
are capable of oxidizing the entire sucrose molecule at a very high rate 
(with a synthesis of about two-thirds of the sugar to cell material by 
starved resting cell suspensions). Glucose, on the other hand, is oxidized 
very slowly by bacteria accustomed to sucrose, while fructose supplied 
in equivalent concentrations is practically unattacked. Yet fructose is 
the product of both the phosphorolysis and hydrolysis of sucrose by the 
bacterial preparations. Three theories may be suggested in possible 
explanation of this behavior: (1) That the permeability of the cell mem- 
brane prevents the penetration of the free hexose. (2) That the hexose 
constituent, during or immediately after phosphorolysis or hydrolysis, is, 
for some reason, more readily attacked than a free hexose molecule. That 
the y form of fructose would fulfil such a requirement does not seem very 
likely, since the preparations are capable of using the normal form of 
fructose in the synthesis of sucrose. (3) That, in living cells, the di- 
saccharide acts first as a phosphate acceptor and is then phosphorolyzed 
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to 2 molecules of hexose phosphate. Since no respiratory or fermentative 
ability was shown by the preparations, there could be no generation of 
suitable phosphate donors for the phosphorylation of either the hexose or 
the disaccharide, and the normal course of events may have been altered 
by this deficiency. It is even possible that the inability of dry cells to 
phosphorolyze trehalose and maltose may have been due to the inavail- 
ability of such donors. Experiments designed to test the above possibili- 


ties are now in progress. 
SUMMARY 


1. A dry preparation of the bacterium Pseudomonas saccharophila has 
been found capable of phosphorolyzing sucrose to glucose-1-phosphate and 
fructose. 

2. With glucose-l-phosphate and fructose as substrates, the formation 
of sucrose could be demonstrated by the reversal of the above reaction. 

3. The competing hydrolytic and phosphorolytic properties of the prepa- 
ration could be summarized as follows: 


Sucrose + H;PO, = glucose-l-phosphate + fructose 


+ 
H,0 


glucose + fructose 


The authors wish to express their gratitude to Professor H. A. Barker 
for his valuable suggestions. 

Addendum—Since the preparation of this manuscript, an article by Kagan, Latker, 
and Zfasman (21) has come to our attention. These authors present evidence for 


the phosphorolysis of sucrose with the production of glucose-1-phosphate by intact 
cell suspensions of the bacterium Leuconostoc mesenteroides. 
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Since 1900, when Gley and Bourcet (1) demonstrated that a part of 
the plasma iodine was in combination with protein, many workers have 
attempted to segregate the blood iodine into various fractions. Such 
terms as “‘organic”’ iodine, “hormone” iodine, etc., were introduced, which 
were used rather loosely to represent that part of the blood iodine insoluble 
in acetone, ethyl alcohol, or methyl alcohol. The expression of iodine 
fractions according to their respective solubilities (or insolubilities) in 
these solvents, however, is invalid, since it has now been shown that the 
amount of iodine extracted by these agents depends upon the efficiency of 
the extraction (2-4). 

Working with a filtrate of blood after the proteins had been precipitated 
by zine sulfate and sodium hydroxide (method of Somogyi (5)), Trevorrow 
(2) has shown that the protein coagulum apparently retained all the added 
thyroxine and diiodotyrosine, while added potassium iodide or iodate 
appeared in the filtrate. According to Salter (6), Perkin has made similar 
observations. Recently, Man and her coworkers (7), working with the 
protein precipitate of blood after the addition of the Somogyi reagents, 
found in four experiments that after the addition of thyroxine and diiodo- 
tyrosine to serum 93 and 94 per cent of the thyroxine iodine and 83 and 85 
per cent of the diiodotyrosine iodine were recovered in the protein pre- 
cipitate. 

In the studies now reported, the experiments of Trevorrow (2) were re- 
peated, but for technical reasons iodine determinations were carried out 
on the protein coagulum rather than on the filtrate as was done by this 
worker. Apparently, Man and her associates (7) also have found the 
protein mass more amenable for analysis. In addition, thyroglobulin, 
which was obtained through the courtesy of Dr. L. J. Soffer of Mount 
Sinai Hospital, New York, was also employed in many recovery experi- 
ments. Investigations with thyroglobulin appeared important, since 
under certain special circumstances, this substance is known to circulate in 
the blood stream (8). The method of Trevorrow and Fashena (9, 10) was 
used throughout. 

* Aided by a grant from the Thyroid Fund of the Thyroid Clinic, Departments of 
Medicine and Surgery, New York Post-Graduate Hospital. 
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TaBLe I 


Recovery of Added Thyroxine, Thyroglobulin, and Potassium Iodide in Protein 
Coagulum of Blood with Methyl Alcohol As Protein-Precipitating Agent 


The protein mass was washed with 200 cc. of acetone. 


Iodine in protein coagulum 


Experiment —— Recovery 
Calculated Found 
— 2 : — a 
Y ed per cent 
15 ec. pooled human blood + thyroxine) 0.72 + 23 5.12 22 
0.72 + 23 5.14 22 
0.72 + 69 25.60 37 
0.72 + 69 25.00 36 
1.18 + 53 10.42 20 
1.18 + 21.2 6.78 31 
1.18 + 21.2 3.77 17 
10 “ es - ‘ + . 0.48 + 46 10.80 23 
0.48 + 46 12.50 27 
ee “is * — -_ a 0.24 + 23 4.00 17 
0.24 + 23 4.00 17 
15 * _ - ‘« + thyro- 0.24 + 15.86 14.96 93 
globulin 0.24 + 15.86 14.51 90 
0.24 + 15.86 14.64 90 
0.24 + 15.86 15.37 95 
15 cc. pooled human blood + potas- 0.72 + 63.3 0.75 0 
sium iodide 0.72 + 63.3 0.71 0 
TaB_e II 


Recovery of Added Thyroxine in Protein Coagulum of Blood with Heat and Acetic Acid 
As Protein-Precipitating Agents 
The protein mass was not washed. 15 cc. of pooled human serum + thyroxine 
were used in each experiment. The calculated value for iodine in the protein coagu- 
lum is 1.9 + 10.7 y. 


Iodine found in protein coagulum Recovery 
7 per cent 
7.74 54 
7.54 52 
6.14 40 
6.18 40 
Results 


Table I shows that when methyl alcohol is used as a precipitating agent 
of blood protein and the protein coagulum is washed with acetone, the pro- 
tein mass retains 90 to 95 per cent of the added thyroglobulin but only 17 
to 37 per cent of the added thyroxine. Added potassium iodide is com- 
pletely washed out of the protein mass. 
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TaBLe III 


Recovery of Added Thyroxine and Thyroglobulin in Protein Coagulum of Blood with 
Tungstic Acid As Protein-Precipitating Agent 























| Iodine in protein coagulum 
Experiment I Recovery Washing of protein mass 
Calculated | Found 
¥ Y per cent 
15 ec. pooled human | 2.74 + 10.7 9.49 63 None 
serum + thyroxine | 2.74 + 10.7 (9.46 62 7 
| 2.744+21.4 | 16.6 65 “ 
| 2.74 + 21.4 15.3 oe eae 
| 2.74+ 5.35 | 6.24 oe |; * 
2.74+ 5.35 | 5.75 56 | Water (50 cc.) 
15 ec. pooled human | 1.18 + 53 24.3 | 43 | Methyl alcohol (50 cc.) 
blood + thyroxine | + acetone (100 cc.) 
118+53 | 24.3 | 43 “ " 
1.18 + 21.2 10.94 | 48 - " 
1.18 + 21.2 8.21 | 37 m . 
15 ec. pooled human | 1.18 + 21.1 | 16.4 | 77 | “s ' 
blood + thyroglob- 
ulin | 
TaBLe IV 


Recovery of Added Thyroxine, Thyroglobulin, and Diiodotyrosine in Protein Coagulum 
of Blood with Zinc Sulfate and Sodium Hydroxide As Protein-Precipitating Agents 


The protein mass was not washed. 
Iodine in protein coagulum 


Experiment — - _- | Recovery 
Calculated Found 

| 7 Y | per cent 

15 cc. pooled human serum + thyroxine) 1.62 + 13.5 13.3 89 
1.62 + 13.5 13.9 92 

1.62 + 13.5 4.6 | 97 

15 “ ™ ** blood + ™ 2.7 + 13.3 14.0 88 
2.7 + 13.3 14.7 92 

2.7 + 13.3 14.8 93 

10.1 +11.14 | 23.3 109 

10.1 +11.14 | 23.3 109 

10.1 +11.14 | 21.4 101 

15 ‘ sheep blood + thyroxine 13 412.3 | 13.8 102 
1.3 + 12.3 13.8 102 

1.3 + 12.3 13.5 99 

1.3 + 12.3 13.0 95 

— ‘* + thyroglobulin 1.3 + 19.0 19.3 95 
1.3 + 19.0 18.1 89 

1.3 + 19.0 20.8 103 

1.3 + 19.0 | 20.9 103 

1.3 + 19.0 21.7 107 

US ‘* + diiodotyrosine 0.21 + 20.9 18.81 89 
0.21 + 20.9 | 19.23 91 

| 0.21 + 20.9 21.27 101 

0.21+ 8.4 9.20 107 

0.21+ 8.4 8.57 100 
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TaBLe V 
Recovery of 4 4ded Thyroxine in Protein Coagulum of Blood with Zine Sulfate and 
Sodium Hydroxide As Protein-Precipitating Agents in Presence of Added Inorganic 
Iodine 
The protein mass was washed once with 50 cc. of water. 


Iodine in protein coagulum 
Recovery of 


Experiment Iodine in pro- | Iodine in pro- | organic iodine 
Total iodine calculated | tein coagulum | tein coagulum 
calculated found 

Y Y Y per cent 

15 ec. sheep blood + 1.3 + 12.2 13.5 14.9 110 
thyroxine + potassium + 10.6 

iodate 1.3 + 12.2 13.5 13.3 99 
+ 10.6 

1.3 + 12.2 13.5 13.7 101 
+ 21.1 

1.3 + 12.2 13.5 13.3 99 
+ §.25 

15 ec. pooled human blood 1.2 + 12.7 13.9 15.5 111 
+ thyroxine + potas- + 10.55 

sium iodate 1.2 + 12.7 13.9 14.2 102 
+ 10.55 

1.2 + 12.7 13.9 14.9 107 
+ 65.25 

Taste VI 


Removal of Potassium Iodate from Protein Coagulum of Blood with Zine Sulfate and 
Sodium Hydroxide As Protein-Precipitating Agents 


15 ec. of pooled human blood + potassium iodate were used in each experiment. 


Iodine in protein coagulum 


Inorganic iodine Washing of protein mass 
Calculated Found ae 
y y per cent 

4.92 + 10.55 8.6 65 None 
4.92 + 10.55 8.0 70 i 
4.92 + 21.10 11.0 71 ” 
4.92 + 21.10 10.1 75 " 
4.92 + 5.25 5.4 90 50 ec. water 
1.30 + 21.10 2.9 93 100 * ™ 


Table II indicates that when heat and acetic acid are used as protein- 
precipitating agents, the protein coagulum retains only 40 to 54 per cent 
of the added thyroxine. 

Table III demonstrates that the protein coagulum of blood retains only 
37 to 65 per cent of the added thyroxine and in one experiment 77 per cent 
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of the added thyroglobulin when tungstic acid is used to precipitate the 
blood proteins. 

Table IV shows that when zine sulfate and sodium hydroxide are used as 
precipitating agents of blood protein, the protein coagulum retains 88 to 
109 per cent of the added thyroxine, 89 to 107 per cent of the added thy- 
roglobulin, and 89 to 107 per cent of the added diiodotyrosine. 

Table V indicates that when the blood proteins are precipitated by the 
Somogyi reagents and the protein mass is washed with 50 ec. of water, the 
protein mass retains 99 to 111 per cent of the added thyroxine while added 
inorganic iodine in the form of potassium iodate is completely washed out. 
Table VI demonstrates that if, however, the protein coagulum is not washed 


TaBie VII 
Total and Precipitable Iodine of Whole Blood of Twelve Normal Subjects with Zinc 
Sulfate and Sodium Hydroxide As Protein-Precipitating Agents 


Non-precipitable 


Subject No Total iodine Precipitable iodine ~~ | Precipitable iodine 
+ per 100 cc. > per 100 cc. y per 100 ce. per cent of lotal 
l 6.3 6.6 100 
2 5.9 6.0 100 
3 7.3 7.3 100 
} 4.9 5.0 ' 100 
5 9.8 8.4 1.4 86 
6 5.6 5.6 100 
7 4.2 4.0 0.2 95 
S 4.2 4.9 100 
9 9.8 8.4 1.4 86 
10 6.3 5.6 0.7 89 
1] a 7.0 0.7 91 
12 4.9 4.9 100 


with water, the protein coagulum retains some of the added inorganic 
iodine (potassium iodate). 

Table VII shows the total and precipitable iodine of twelve normal sub- 
jects when zinc sulfate and sodium hydroxide were used as protein-precipi- 
tating agents. It is demonstrated that in normal human blood 86 to 100 
per cent of the total iodine is precipitable by these reagents. 


DISCUSSION 


The present experiments confirm the observation of Trevorrow (2) that 
the simple organic iodine compounds, namely thyroxine and diiodotyrosine, 
are precipitated with the blood proteins when zine sulfate and sodium hy- 
droxide are used as the precipitating agents; moreover, inorganic iodine 
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may be extracted from the protein coagulum by washing the mass with 
water. In addition, it has been demonstrated that the complex organic 
iodine compound thyroglobulin is also precipitated by the Somogyi rea- 
gents. This procedure serves, therefore, to differentiate between organic 
and inorganic iodine compounds as they are known to exist in the blood 
stream under normal or abnormal circumstances. From observations 
made on twelve normal subjects, further evidence is presented to indicate 
that less than 15 per cent of the total iodine in whole blood is present in 
inorganic form. 

For the sake of uniformity in the expression of various iodine compo- 
nents in the blood, Salter ((6) p. 75) has suggested an interesting program 
which should have universal appeal. He maintains that, first, iodine 
determinations should be carried out on plasma at least until it is proved 
that the iodine content of the red blood cells reflects precisely that of the 
plasma. According to some of the figures cited in his book, it would appear 
that the red cells are poorer in iodine than the plasma. Silver (4) has 
shown recently that practically all the normally circulating iodine is in the 
plasma and that the amount present in washed red cells is too low to be 
determined by present methods. It is obvious, therefore, that plasma is 
the medium of choice for blood iodine determinations. Although most of 
the present studies were carried out on whole blood, the results of the few 
recovery experiments in which serum was used as a substrate were not un- 
like those in which whole blood was utilized. 

The second point mentioned by Salter requires no comment. The blood 
iodine should be separated into “I’’ iodine (inorganic iodine) and “P” 
iodine (precipitable iodine; 7.e., thyroxine, diiodotyrosine, and thyroglob- 
ulin). The precipitation of the blood or plasma proteins by zinc sulfate 
and sodium hydroxide and washing the protein coagulum with water are 
a valid procedure for such differentiation. 

Salter suggests further that the “P” iodine be separated into a ‘‘T” 
(thyroxine-like) fraction and a “D”’ (diiodotyrosine-like) fraction according 
to the method described by Leland and Foster (11) for the determination 
of thyroxine in thyroid tissue. In order to avoid the loss of approximately 
20 per cent of the thyroxine by the prolonged alkaline hydrolysis called 
for by this method and since she assumed that thyroxine in blood, if pres- 
ent, was not in combination with protein, Trevorrow (2) eliminated this 
stage in the procedure and added blood or plasma directly to butyl alcohol. 
Bassett, Coons, and Salter (12) determined the ‘“‘T’’ and “‘D”’ fractions of 
the “P” iodine of plasma by digesting the proteins with commercial pepsin 
prior to extraction of the thyroxine in butyl alcohol and the diiodotyrosine 
in 2 nN sodium hydroxide. Adequate recoveries of added thyroxine to 
plasma by their respective procedures were reported by Trevorrow and by 
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Bassett, Coons, and Salter. In our hands, the Trevorrow modification of 
the Leland and Foster method has proved to be unsatisfactory for the re- 
covery of thyroxine and diiodotyrosine when added to whole blood; we 
have had no experience with the Bassett, Coons, and Salter procedure. 
Work along these lines is still being pursued. 


SUMMARY 


1. The recovery of added thyroxine, diiodotyrosine, and thyroglobulin 
from the protein coagulum of whole blood was inadequate when methyl 
alcohol, heat and acetic acid, or tungstic acid was used as the protein- 
precipitating agent. 

2. When zine sulfate and sodium hydroxide were employed to precipi- 
tate the blood proteins, the protein mass retained 88 to 109 per cent of the 
added thyroxine, 89 to 107 per cent of the added thyroglobulin, and 89 to 
107 per cent of the added diiodotyrosine. Added inorganic iodine was re- 
moved from the protein coagulum by washing the mass with water. 

3. When zine sulfate and sodium hydroxide precipitation of the blood 
proteins was used to differentiate between the precipitable (organic) and 
non-precipitable (inorganic) iodine fractions in the blood of twelve normal 
subjects, less than 15 per cent of the total blood iodine was found to be 
present in the inorganic form. 

4. In many experiments in which whole blood was used as a substrate, 
the recovery of added thyroxine and diiodotyrosine by the Trevorrow modi- 
fication of the Leland and Foster method has been entirely unsatisfactory. 
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DETERMINATION OF IODIDES IN URINE 
By IRWIN A. PEARL* 
(Received for publication, January 29, 1943) 


In studying the elimination of iodine from the human system after ad- 
ministration of massive doses of inorganic iodides directly into the blood 
stream for urinary tract roentgenographic purposes we desired to find a 
rapid accurate macromethod for the estimation of iodides in urine. In a 
similar study with slightly smaller quantities of iodine Osborne (10) used 
the method of Kendall (7, 8) involving alkaline nitrate fusion, oxidation of 
the obtained iodide to iodate with sodium hypochlorite, addition of potas- 
sium iodide, and titration of the liberated iodine with thiosulfate. Ken- 
dall’s method gave good results, but the evaporation and fusion operations 
consumed too much time for routine analyses. 

A review of the literature indicated that a number of methods have been 
proposed for the estimation of iodides in urine. All of the proposed meth- 
ods involved the removal of interfering organic matter, oxidation of the 
inorganic iodine to iodate, and estimation of the iodate by one of several 
procedures. Among the methods reported for removal of organic matter in 
addition to the time-consuming ashing methods (2, 3, 7-9, 11) are treatment 
with hot sulfuric acid and hydrogen peroxide (6), alkaline potassium per- 
manganate (5, 15), chromium trioxide, sulfuric acid, and ceric sulfate (13), 
and acid potassium permanganate (14). In the cases of the permanganate 
methods no further oxidation was necessary to transform the iodide to 
iodate. In the other cases either bromine water or hypochlorite was used 
to accomplish this oxidation. Very recently Alpert (1), instead of destroy- 
ing the organic matter, deproteinized the urine by the standard Somogyi 
(12) technique, oxidized the resulting urine with bromine water, and deter- 
mined the iodate by titration. Working independently, Flox, Pitesky, and 
Alving (4) deproteinized the urine with cadmium sulfate, oxidized the 
protein-free urine with bromine water, liberated the iodine with potassium 
iodide, but determined the iodine colorimetrically. 

Unfortunately, these semirapid methods were designed for minute quan- 
tities of iodine. When urine samples containing as much as 2 gm. of so- 
dium iodide are used, with aliquot portions containing the amount of iodine 
required for the microprocedures, the small inherent error of these determi- 
nations when multiplied by the aliquot factor became too great to disregard. 
Attempts to use these methods on a much larger scale failed to give satisfac- 
tory results. In addition the methods which were rapid on a micro scale 
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ceased to be rapid on a macro scale. Although many attempts were made 
to modify these methods for rapid macro use, no satisfactory modification 
was found. 

Further investigation, however, resulted in the following method for the 
quantitative determination of relatively large amounts of iodine in urine, 
which was found by the author to be both rapid and reliable. The method 
is based upon the removal of objectionable matter in the urine by boiling 
with bromine water containing a substantial excess of bromine. Several 
hundred recovery experiments were made before and after the described 
method was adopted. All recovery experiments were made on accurately 
weighed samples of dry reagent grade potassium iodide dissolved in 25 ml. 
of urine. The samples varied in size from 0.01 to 0.2 gm. Consistent 
recoveries of between 99.9 and 100.1 per cent were obtained. 

Reagents— 

Saturated bromine water. 

Saturated phenol solution. 

Phosphoric acid solution prepared by diluting reagent grade 85 per cent 
phosphoric acid to 50 per cent with distilled water. 

Reagent grade bromine and potassium iodide. 

Decinormal sodium thiosulfate. 

Starch indicator. 


Procedure 


Measure the urine sample carefully and dilute to volume in a 250 or 500 
ml. volumetric flask, depending upon the size of the sample. Pipette a one- 
tenth aliquot into a 500 ml. Erlenmeyer flask, dilute to approximately 250 
ml. with saturated bromine water, and add from a dropping bottle 15 to 25 
drops of bromine. Heat the solution to boiling on the hot-plate, and boil 
until the liquid bromine has disappeared and the orange color has started to 
fade, but remove from the hot-plate before the solution has lost its yellow 
color. Cool to room temperature. Add a few drops of saturated phenol 
solution and shake well with arotary motion. The clear yellow color of the 
solution should change to a slightly perceptible white turbidity. To insure 
complete removal of bromine vapors, blow out the atmosphere above the 
solution with the breath. Add 10 ml. of 50 per cent phosphoric acid, 0.5 to 
1.5 gm. of potassium iodide, and titrate the liberated iodine with 0.1 N so- 
dium thiosulfate, using starch as an indicator. In solutions containing 
more than 0.1 gm. of original iodine a few drops of benzene should be added 
before the iodine is liberated with potassium iodide. The thin layer of 
benzene prevents loss due to volatilization of iodine during the titration. 
Each ml. of 0.1 N thiosulfate is equivalent to 0.002115 gm. of iodine. 

The sodium thiosulfate was standardized under conditions similar to 
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those which obtain in the determination by weighing accurately various 
size samples of dry reagent grade potassium iodide, diluting with distilled 
water, oxidizing with bromine water and bromine, and carrying through 
the determination in the manner described above. 


DISCUSSION 


Kendall (7) reported that when more than 10 to 12 mg. of iodine are 
present, bromine should not be used because the hydrobromic acid pro- 
duced during the oxidation of the iodine may reduce the iodic acid when the 
solution is boiled. This statement is true for the method of Kendall in 
which the bromine is removed by boiling. However, under the conditions 
of the procedure described in this paper, in which an excess of bromine is 
always present until the solution is cooled, no reduction of the iodic acid 
takes place. 

The point at which the boiling solution is removed from the hot-plate is 
of the utmost importance in the satisfactory use of this procedure. If the 
solution is cooled before the dark orange color has disappeared, a heavy 
precipitate of tribromophenol will separate when the solution is treated 
with saturated phenol solution. If this precipitation takes place, no sharp 
end-point can be obtained in the subsequent thiosulfate titration. On the 
other hand, if the boiling solution is allowed to turn colorless, there is likeli- 
hood of some iodic acid being reduced by the hydrobromic acid present in 
the solution, resulting in low recovery of iodine. The point at which the 
boiling solution should be removed from the hot-plate and cooled so that it 
will give the slightly perceptible white turbidity with phenol solution is 
easily ascertained after several trials. 

The amount of liquid bromine used in the procedure is dependent upon 
the amount of iodine, the size of the urine sample, and the age of the urine 
sample. In the reaction between sodium iodide and bromine 6 atoms of 
bromine are required for each atom of iodine. The size of the urine sample 
determines the amount of organic matter to be oxidized and, therefore, the 
amount of bromine required. It has been found that aged urine samples 
require more bromine to remove objectionable organic matter than do fresh 
ones. The quantities of bromine specified in the procedure have been 
found adequate to remove objectionable organic matter and oxidize all 
iodine to iodate for relatively fresh urine samples of the sizes indicated. 

The amount of solid potassium iodide added to liberate iodine from the 
iodie acid solution is dependent only upon the amount of iodine in the 
original sample. In order to leave an excess after reaction with the iodic 
acid the amount of potassium iodide used should be roughly 8 times the 
weight of the iodine originally present. 

Kendall (7) observed that if more than 100 mg. of iodine are present 
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there is danger of loss of iodine by volatilization during the titration. As 
a satisfactory means of preventing this loss he proposed the addition of a 
few ml. of benzene to the flask. Advantage has been taken of this precau- 
tion in the described procedure. 


SUMMARY 


A macromethod is described for the rapid determination of iodides in 
urine. It involves freeing from objectionable organic matter and oxidation 
of the iodide to iodic acid by the action of bromine water and bromine, 
liberation of iodine with potassium iodide, and titration of the iodine with 
sodium thiosulfate. The method has been found reliable over a wide 


range. . 


The author is indebted to Miss Meredythe Goldsmith for much assistance 
in carrying out the large number of recovery experiments. 

The work reported in this paper was performed in the laboratories of 
the Chemistry Department, University of Washington, Seattle. 
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CONSTITUTION OF THE POLYSACCHARIDE SYNTHESIZED 
BY THE ACTION OF CRYSTALLINE MUSCLE 
PHOSPHORYLASE 
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(From the Division of Plant Nutrition of the College of Agriculture, University of 
California, Berkeley, and the Department of Pharmacology, Washington University 
School of Medicine, St. Louis) 


(Received for publication, January 25, 1943) 


Evidence has been presented (for a review of this subject see Meyer (1)) 
that natural starches can be separated into two fractions which differ not 
only in physical properties but also in chemical constitution. One frac- 
tion, amylose, is made up of long chains of glucopyranose units, while the 
other fraction, amylopectin, consists of relatively short, branched chains 
composed of about 25 glucose units. Amylose is present in potato starch to 
the extent of about 20 per cent (2). Animal glycogen was found to re- 
semble amylopectin in having a branched structure. 

The properties of the polysaccharide obtained through the action of 
potato phosphorylase on glucose-1-phosphate in vitro have been studied by 
Hassid and McCready (3) and by Haworth, Heath, and Peat (4). By 
means of the method of end-group determination, it was shown that the 
synthetic polysaccharide consists of long chains of glucopyranose units with 
little or no branching. It follows then, that synthetic potato starch is 
similar in structure to the amylose fraction of natural starches. 

Hanes’ (5) findings that synthetic potato starch is poorly soluble in 
water, that it gives a more intense blue color with iodine than does natural 
potato starch, and that it is completely converted to maltose by 8-amylase 
are further indications of similarity in structure to amylose. In the case of 
natural starches and of glycogen, degradation with 8B-amylase ceases when 
about 60 per cent of the polysaccharide has been converted to maltose. 
According to Hanes (6) 8-amylose attacks the non-reducing ends of the 
polysaccharides, splitting off successive maltose fragments until it en- 
counters a modification in structure. Since it is known (7) that branching 
occurs in glycogen and starch on the 6th carbon atom of some of the glucose 
units in the chains, these linkages are probably responsible for stopping the 
hydrolysis. With long chain polysaccharides having a non-branched struc- 
ture and therefore no such linkages, the hydrolysis by 8-amylase continues 
until the whole molecule is degraded to maltose. 


* This work was supported by a grant from the Corn Industries Research Founda- 
_ tion to Washington University. 
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Bear and Cori (8) showed that the polysaccharide synthesized in vitro by 
heart or liver phosphorylase exhibits the properties of natural glycogen. It 
is soluble in water, gives a reddish brown color with iodine, does not retro- 
grade, and gives a diffuse x-ray pattern characteristic of amorphous mate- 
rial. The polysaccharide synthesized by muscle phosphorylase in vitro, 
however, produces a blue color with iodine, is almost insoluble in cold 
water, and retrogrades rapidly when hot solutions are cooled. Its x-ray 
pattern, like that of synthetic potato starch (9), was found to resemble 
closely that of natural potato starch. 

The purpose of the present investigation was to study the properties and 
molecular constitution of the synthetic muscle polysaccharide. The syn- 
thesis was carried out with crystalline muscle phosphorylase (10). Potato 
phosphorylase has not yet been obtained pure; preparations made accord- 
ing to Hanes’ (5) method contain amylase. The “soluble starch” (15 per 
cent of the total starch synthesized by potato phosphorylase) mentioned by 
Haworth et al. (4) may well be due to the activity of amylase. When the 
synthesis is carried out with crystalline muscle phosphorylase, no soluble 
polysaccharide fraction is obtained. 

It was found that the synthetic muscle polysaccharide closely resembles 
synthetic potato polysaccharide in its properties and molecular constitu- 
tion. It gives a more intense blue color with iodine than does natural 
starch and it is almost completely converted to maltose by 6-amylase. 
Neither synthetic polysaccharide has an activating effect on muscle phos- 
phorylase. Hydrolysis of the methylated polysaccharide gives 0.6 per 
cent of tetramethylglucose. This amount of end-group corresponds to a 
chain length of approximately 200 glucose units. Unlike glycogen or 
amylopectin the synthetic polysaccharide is made up of long, unbranched 
chains and resembles the amylose fraction of natural starch. 


EXPERIMENTAL 


Preparation of Polysaccharide—The substrate, glucose-1-phosphate, was 
prepared by the action of potato phosphorylase on starch and orthophos- 
phate and was isolated as the crystalline dipotassium salt. The polysac- 
charide was prepared in nine separate lots. The following describes the 
preparation of a typical lot: 6.8 gm. of dipotassium glucose-1-phosphate, 
0.08 gm. of glycogen, and 0.19 gm. of cysteine hydrochloride were dissolved 
in water and the pH adjusted to 6.5 with HCl. The volume was made up 
to 140 cc. before 6 cc. of crystalline muscle phosphorylase containing 0.018 
gm. of protein were added. The addition of glycogen is necessary for acti- 
vation of the enzyme. Before the addition of the enzyme a small aliquot 
was removed and analyzed for its glycogen content, a modified Pfliiger 
method being used with the precautions which are necessitated by the pres- 
ence of glucose-l-phosphate (11). Thus it was found that a total of 0.76 





~——— 








ee Be es | 














HASSID, CORI, AND MCCREADY 91 


gm. of glycogen had been added in the nine preparations. After the mix- 
ture had been incubated for 18 hours at room temperature, the newly 
formed polysaccharide which had precipitated out spontaneously was sepa- 
rated by centrifugation and washed three times with large amounts of cold 
water. It was then dehydrated with alcohol and ether and dried at room 
temperature in a vacuum desiccator. The polysaccharide obtained in 
nine preparations was pooled; from phosphate analyses at the end of the 
incubation periods it was calculated that 15.2 gm. of starch had been 
formed. After the newly formed starch had been separated by centrifuga- 
tion at the end of the incubation period, the clear supernatant fluid gave a 
faint blue color reaction with iodine in six, and no color reaction in three of 
the preparations. In the latter cases an aliquot was analyzed for glycogen. 
It was found that on an average only 10 per cent of the added glycogen 
could be recovered in the supernatant fluid, indicating that the remainder 
bad been adsorbed on the starch. On the basis of these experiments it was 
calculated that the ‘‘muscle starch” included 4.5 per cent of glycogen. The 
nitrogen content of the polysaccharide was 0.27 per cent. Some of the cys- 
teine is oxidized to cystine during the incubation period. Cystine is poorly 
soluble in water, precipitates out, and so contributes to the apparent nitro- 
gen content of the polysaccharide. | 

Properties—The polysaccharide was sparingly soluble in hot water and 
retrograded rapidly when the solution was cooled. It was soluble in warm 
0.75 N sodium hydroxide but retrograded again when the solution was 
neutralized. Specific rotation, [a]p = +150° (in 1 Nn sodium hydroxide, 
c= 1). The analogous value for synthetic potato starch was +170° (3). 

Determination of Intensity of Blue Color with Iodine—A 50 mg. sample 
of dry powdered synthetic muscle polysaccharide was introduced into a 
50 ec. volumetric flask and wetted with 1 ec. of ethanol and 5 cc. of water. 
The sample was dissolved by adding 1 cc. of 10 per cent sodium hydroxide 
and heating on a water bath until a clear solution formed. The flask was 
cooled and its contents diluted to the mark. 

A 5 ce. portion (equivalent to 5 mg.) of the alkaline starch solution was 
introduced into a 500 cc. volumetric flask, about 100 cc. of water were 
added, and the solution slightly acidified with 3 drops of 6 N hydrochloric 
acid. 5 cc. of a 0.2 per cent iodine solution in 2 per cent potassium iodide 
were added, and the contents well mixed and diluted to the mark. The 
intensity of the blue color was then estimated with a Klett-Summerson 
photoelectric colorimeter. The 20 mm. glass cell and red No. K-66 filter 
furnished with the instrument were used. The photocolorimeter was 
adjusted so that the blank, which had a light yellow color due to the iodine, 
gave a reading of 0. In Table I the intensity of the iodine color given by 
synthetic muscle starch is compared with that given by other starches. 

Hydrolysis with B-Amylase—A solution of the polysaccharide was 
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made by placing about 50 mg. in 50 cc. of water, heating on the steam 
bath, cooling, and then filtering. 10 cc. portions of the filtrate, to which 
2 ec. of acetate buffer of pH 4.7 were added, were treated with 20 mg. of 
the enzyme, and the volume diluted to 25 ce. The mixture was allowed 
to remain for 48 hours at 22° and the reducing value determined as maltose 
(12). The B-amylase was prepared by the method of Hanes and Cat- 
tle (13). The amount of starch originally present in the sample was found 
by determining the glucose obtained when an aliquot was hydrolyzed with 
| x hydrochloric acid for an hour at 100°. On this basis, it was estimated 
that the synthetic muscle polysaccharide was hydrolyzed by 6-amylase to 
maltose to the extent of 97 per cent. See Table I. 

Activation of Muscle Phosphorylase by Different Polysaccharides—Samples 
of 24 mg. of the polysaccharides were stirred into 10 ec. of cold water, the 
mixture was heated to 100° for 10 minutes, cooled to 25°, filtered, and the 


TABLE I 
Degree of 8- Amylase Hydrolysis and Color Intensities with Iodine of Starch Fractions 


Sample 8-Amylase hydrolysis Iodine color intensity 
per cent 
Synthetic muscle starch 97 278 
“ potato “ 98 305 
Amylose 100 310 
Amyloamylose (Samec and Mayer)* 100 310 
Amylopectin 54 50 
Erythroamylose (Samec and Mayer)* 54 50 


Natural potato starch 64 100 


ore 


*Samec, M., and Mayer, A., Kolloidchem. Beihefte, 18, 273 (1921). 


glucose content of the filtrate was determined after acid hydrolysis. The 
following values were obtained: potato amylose (end-group content 0.3 per 
cent) 0.047 per cent, polysaccharide synthesized by potato phosphorylase 
(0.085 per cent, polysaccharide synthesized by muscle phosphorylase 0.013 
per cent. The activating effect of these solutions on muscle phosphorylase 
was compared with that of liver glycogen solutions of known concentra- 
tions. The activating effect of 2 mg. per cent of glycogen could easily 
be detected. Amylose showed less than 10 per cent of the activating 
power of glycogen, which might have been due to a small admixture of 
amylopectin. The other two polysaccharides did not activate the enzyme. 
Green and Stumpf' showed that synthetic potato starch does not acti- 
vate potato phosphorylase. 

Acetylation of Synthetic Polysaccharide—A sample of synthetic muscle 


1 Green, D. E., and Stumpf, P. K., J. Biol. Chem., 142, 355 (1942). 
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polysaccharide was dried in vacuo at 80° and ground to a powder in a small 
Wiley mill. The finely ground material weighing 14 gm. was placed in a 
beaker, stirred with 30 ec. of ethanol, and then 400 cc. of 3 per cent sodium 
hydroxide were added. The mixture was heated on a steam bath with 
stirring until a clear solution was obtained. The solution was cooled, 
neutralized with dilute acetic acid, and the polysaccharide precipitated by 
the addition of an equal volume of alcohol. The precipitate was collected 
on a Buchner funnel, washed with alcohol, and the slightly moist poly- 
saccharide transferred to a flask and stirred mechanically with 200 ec. of 
pyridine, containing 2 ec. of water, for 24 hours. 200 ec. of acetic anhy- 
dride were then gradually introduced in the course of an hour. The mix- 
ture was then stirred at room temperature for 12 hours and then at 60° 
for 6 more hours. The viscous solution was diluted with 75 ce. of glacial 
acetic acid and slowly poured with stirring into an excess of cold water. 
The precipitate was washed until free of acid and dried in vacuo at 80°. A 
vield of 83 per cent of the theoretical was obtained. The acetylated 
synthetic muscle polysaccharide did not produce a blue coloration with 
iodine and was soluble in chloroform and acetone. 


Specific Rotation—{a|) = +168° (in chloroform, ¢c = 1) 
Analysis—(C.H7O;(CH;CO);),. Caleulated. CH;CO 44.8 
Found, “: 44.5 


A sample of | gm. of the triacetate was deacetylated by exposing it to 
15 ce. of 0.5 N aleoholic potassium hydroxide at room temperature over- 
night. The regenerated product was similar in its properties to the original 
synthetic polysaccharide. It produced the same intensity of blue color 
when treated with iodine and had the same specific rotation in 1 N sodium 
hydroxide. Its solubility in water was also similar to that of the original 
polysaccharide. 

Methylation—-A sample of 17 gm. of the acetylated synthetic muscle 
polysaccharide was dissolved in 250 ce. of acetone and simultaneously 
deacetylated and methylated at 55° with 100 cc. of methy] sulfate and 300 ce. 
of 30 per cent sodium hydroxide. The reagents were added in ten equal 
portions at 10 minute intervals with vigorous stirring. Eight subsequent 
methylations were carried out by dissolving the partially methylated 
product in acetone and treating with methyl sulfate and sodium hydroxide 
as before. The methylated polysaccharide (9.8 gm., which corresponds 
to a yield of 81 per cent of the theoretical) was then dissolved in chloroform, 
and the solution filtered, evaporated to a small volume, and reprecipitated 
by the addition of petroleum ether. The final product was insoluble in 
both cold and hot water. 

Specific Rotation—\a]p = +210° (in chloroform, ¢ = 1) 

Analysis—(CyH;O2(OCHsS);),. Caleulated. OCH, 45.6 

Found. 44.5 
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The specific viscosity, nsp., at 22° of a 0.4 per cent solution of the methyl- 
ated synthetic polysaccharide in m-cresol was 0.59. It seems best to 
refrain from a calculation of the apparent molecular weight according to 
Staudinger’s formula, since it is questionable whether or not the A» value 
(1.6 X 10~*) which is considered reliable for natural starches (14) can be 
used for an unbranched molecule. 

Hydrolysis of Methylated Synthetic Polysaccharide and Estimation of 
Cleavage Products—A sample of 8 gm. of the methylated polysaccharide 
was boiled for 8 hours with 300 ec. of methanol, containing 1.7 per cent of 
dry hydrogen chloride, under a reflux condenser. This converts the 


TaBLe II 
Hydrolysis Products of Methylated Synthetic Muscle Starch 





; . | Index of 
— Weight a Constants* OCH, | Tetra Tetra Tri Di Di 
| “oes 
gm. per cent per ceni gm. gm. per cent gm. 
I 0.894 | 1.4575 (a) 1.4437 | 53.3 8 0.072 0.822 
(b) 1.4587 
II 1.241 1.4594 (a) 1.4441 52.5 | 1.241 
(b) 1.4595 
III 0.750 | 1.4596 (a) 1.4442 | 52.4 0.750 
| (b) 1.4596 
IV 2.531 1.4596 (a) 1.4442 | 52.6 2.531 
(b) 1.4596 
V 1.249 1.4598 (a) 1.4443 52.6 1.249 
(b) 1.4595 
VI 1.045 | 1.4614 51.6 0.951 | 9.0 | 0.094 
7.710 0.072 7.544 0.094 


* (a) and (b) are the np values of the tetra and the tri portions, respectively, 
present in these fractions, as estimated from rotational data. 


methylated sugars which are set free on hydrolysis to the methylglucosides. 
The solution was neutralized with lead carbonate, filtered, and evaporated 
to dryness. The residue was extracted with chloroform and after removal 
of the chloroform by evaporation, 8.31 gm. of material were obtained 
(90 per cent of theoretical yield). The methylglucosides were fractionally 
distilled from a flask fitted with a fractionating column at a temperature 
between 90° and 190° and 10-* mm. pressure. The fractions shown in 
Table II were obtained. 

The criteria established by Hirst and Young (15) were employed to 
evaluate the amount of 2,3,4,6-tetramethylmethylglucoside in the pres- 
ence of 2,3,6-trimethylmethylglucoside. This method consists of com- 
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paring the specific rotations and indices of refraction of fractions obtained 
by distillation with mixtures of known composition. In the course of 
glucoside formation a mixture of a and 8 forms, which differ in their indices 
of refraction, is usually obtained. If glucoside formation is arrested before 
equilibrium is reached, there may be present an excess of the 6 forms of the 
mixed glucosides, which have lower refractive indices than those of the 
corresponding a isomers. In such a case the use of the refractive index 
measurements alone would lead to an inaccurate estimate of the proportion 
of tetramethylglucose present in the mixture. This difficulty is overcome 
by measuring both the specific rotation and the refractive index. Hirst 
and Young constructed two curves for this purpose. The first curve is a 
straight line obtained by plotting the n}’ against the [a], values of pure 
mixtures of tetramethyl-a-methylglucoside and tetramethyl-8-methyl- 
glucoside. The second curve is a similar line obtained by plotting the 
ni® /[a], values for pure mixtures of a- and 8-trimethylmethylglucosides. 
If the refractive index and the specific rotation of a mixture of tetramethyl- 
and trimethylmethylglucoside are known, their relative proportion can be 
estimated by reference to the two curves. By means of this procedure, 
it was found that Fraction I contained 0.072 gm. of tetramethylmethyl- 
glucoside. This amount of tetramethylmethylglucoside is equivalent (on 
the basis of 90 per cent recovery) to 0.076 gm. of tetramethylglucose. 

The synthetic polysaccharide was, however, contaminated with 4.5 per 
cent animal glycogen used in the synthesis for priming of the reaction. 
Methylated glycogen is known to yield on hydrolysis approximately 10 
per cent of tetramethylglucose. On this basis, when the 90 per cent re- 


* covery is taken into account, 8 gm. of the methylated synthetic muscle 


polysaccharide contained 0.032 gm. of tetramethylglucose due to animal 
glycogen contamination. If this value is subtracted from the total 
0.076 gm., the tetramethylglucose obtained from the synthetic polysac- 
charide becomes 0.044 gm., or 0.6 per cent. This proportion of end-group 
corresponds to a chain length of approximately 200 glucose units. 
Fractions II, III, IV, and V contained only trimethylmethylglucoside. 
The methoxy! contents agreed well with the theoretical OCH; content of 
52.6 per cent. The identity of 2,3 ,6-trimethylmethylglucoside was con- 
firmed by isolation of crystalline 2,3 ,6-trimethylglucose from the hydroly- 
sis product of combined Fractions II to V. The index of refraction and 
the methoxyl content of 51.6 per cent of Fraction VI indicate that there 
is an amount of dimethylmethylglucoside present in the product of hydroly- 
sis of methylated muscle starch which is approximately equal to the tetra- 
methylmethylglucoside. Since methylated glycogen yields on hydrolysis 
about 15 per cent of dimethylglucose, it is estimated that roughly half 
of the methyl derivative obtained must be due to glycogen contamination. 








96 SYNTHETIC POLYSACCHARIDE 


SUMMARY 

The polysaccharide synthesized by the action of crystalline muscle phos- 
phorylase on glucose-1-phosphate is similar in properties to the polysae- 
charide synthesized by potato phosphorylase and to the amylose fraction 
from potato starch. It is sparingly soluble in water and rapidly retrogrades 
from solution; it produces a more intense blue color with iodine than do 
natural starches and in contrast to the latter is almost completely hy- 
drolyzed to maltose when treated with 8-amvlase. It does not activate 
muscle phosphorylase. 

On hydrolysis of the methylated synthetic muscle polysaccharide, 06 
per cent of tetramethylglucose (end-group) was obtained. ‘This propor- 
tion of end-group corresponds to a chain length of approximately 200 
glucose units. The main product of hydrolysis was identified as 2,3 ,6-tri- 
methylglucose. A small amount of dimethylglucose (less than 1 per cent) 
was also present. 

It is concluded that synthetic muscle polysaccharide is made up of long 
unbranched chains in which the glucopyranose units are joined by a- 
glucosidic linkages between the Ist and 4th carbon atoms. 


The writers are grateful to Mr. W. H. Dore for his interest and sugges- 
tions during the course of this investigation. 


BIBLIOGRAPHY 


. Meyer, K. H., in Kraemer, FE. O., Advances in colloid science, New York, 1, 148 


(1942). 
. Hassid, W. Z., and McCready, R. M., J. Am. Chem. Soc., in press. 
Hassid, W. Z., and McCready, R. M., J. Am. Chem. Soc., 63, 2171 (1941). 
Haworth, W. N., Heath, R. L., and Peat, 8., J. Chem. Soc., 55 (1942). 
. Hanes, C.8., Proc. Roy. Soc. London, Series B, 129, 174 (1940). 
. Hanes, C.8., New Phytologist, 36, 234 (1937). 
. Barker, C. C., Hirst, E. L., and Young, G. T., Nature, 147, 296 (1941). 
Bear, R.S., and Cori, C. F., J. Biol. Chem., 140, 111 (1941). 
Astbury, W. T., Bell, F. O., and Hanes, C. 8., Nature, 146, 558 (1940). 
. Green, A. A., Cori, G. T., and Cori, C. F., J. Biol. Chem., 142, 447 (1942). 
. Cori, G. T., Colowick, 8S. P., and Cori, C. F., J. Biol. Chem., 127, 771 (1939). 


— 


NF OCD ND Om W tO 


— 


Ed., 12, 142 (1940). 
13. Hanes, C.8., and Cattle, M., Proc. Roy. Soc. London, Series B, 126, 387 (1938). 
14. Carter, S. R., and Record, B. R., J. Chem. Soc., 670 (1939). 
15. Hirst, E. L., and Young, G. T., J. Chem. Soc., 1247 (1938). 


. Hassid, W. Z., McCready, R. M., and Rosenfels, R.S., 7nd. and Eng. Chem., Anal. 





ee 








lia 
pu 








EFFECT OF INSULIN ON PYRUVIC ACID FORMATION IN 
DEPANCREATIZED DOGS* 


By ERNEST BUEDING, JOSEPH F. FAZEKAS, HERMAN HERRLICH, anp 
HAROLD E. HIMWICH 
(From the Medical Service of the Psychiatric Division, Bellevue Hospital, the 
Departments of Medicine, Psychiatry, and Chemistry, New York University 
College of Medicine, New York, and the Department of Physiology 
and Pharmacology, Albany Medical College, Albany) 


(Received for publication, December 28, 1942) 


In normal human subjects the administration of glucose produces an 
increase in blood pyruvie acid (1-3). In patients with diabetes mellitus 
the rise in blood pyruvate under the same conditions is either delayed and 
smaller or does not occur at all (2, 4). Insulin, administered to diabetic 
patients either simultaneously with glucose or several hours after glucose 
ingestion, produces a marked increase in blood pyruvate (2, 4). The pres- 
ent studies on the relation of insulin to the formation and disappearance of 
pyruvate were conducted on completely depancreatized dogs. With such 
a preparation the effects of any residual functioning pancreas are elimi- 
nated. 


EXPERIMENTAL 


Depancreatized dogs were maintained in good condition on bovex, pan- 
creatin, and insulin for several weeks before experimentation. Insulin was 
withheld for 72 hours and food for 24 hours before each experiment. In 
order to avoid the increase in blood pyruvate caused by muscular contrac- 
tion the animals were given pentobarbital, 25 mg. per kilo, or less, 1 to 2 
hours before the observations were begun. Blood samples were taken from 
the femoral artery. Blood glucose and pyruvate were determined by 
methods used in previous publications (1, 5). 

Pyruvie acid (Eastman Kodak, c.p.) used in these experiments was 
redistilled three times immediately before injection, appropriately diluted 
with ice-cold water, and then neutralized at 2-4° with NaOH to pH 6.4. 


Results 


In normal dogs (fasted for 24 hours) the intravenous injection of 2 gm. 
per kilo of glucose was followed by a significant rise in blood pyruvate (Fig. 
1). The maximum rise usually occurred 30 to 45 minutes after the injec- 
tion and the increase averaged about 100 per cent over the fasting values. 

* Aided by grants from the John and Mary R. Markle Foundation and the Wil- 
liams-Waterman Fund of the Research Corporation. A preliminary report has been 
published (Science, 95, 282 (1942)). 
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Blood pyruvate failed to increase after a similar injection of glucose into 
the depancreatized dogs in observations extended over a period of 5 hours 
(Fig. 2). If insulin (crystalline insulin, Eli Lilly) was administered to de- 
pancreatized dogs 90 to 120 minutes after the glucose injection, a marked 
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Fia. 1. Blood pyruvic acid after the intravenous injection of 2 gm. per kilo of | 
glucose into normal dogs. The corresponding blood sugar values (in mg. per cent) 
were as follows: Curve 1, 100, 575, 450, 294, 199, 152, 120; Curve 2, 77, 473, 323, 222, 
136, 96, 69, 71; Curve 3, 78, 525, 409, 334, 246, 204, 97; Curve 4, 90, 440, 346, 257, 122, 
89, 88; Curve 5, 84, 612, 450, 296, 218, 169, 116. 
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Fic. 2. Blood pyruvic acid after the intravenous injection of 2 gm. per kilo of 
glucose into depancreatized dogs. The corresponding blood sugar values (in mg. 
per cent) were as follows: Curve 6, 258, 634, 388, 362, 314, 310, 322; Curve 7, 256, 498, 
455, 420, not determined, 350, 445, 404, 365; Curve 8, 300, 575, 475, 403, 348, 345, 300. 





elevation in blood pyruvate occurred which coincided with a drop in blood 
sugar (Fig. 3). | 

When insulin was given together with glucose to the same depancreatized | 
dogs, a rise in blood pyruvate was observed. This rise reached its max- 
mum from 1 to 3 hours after the first glucose injection. A second injection 
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of glucose alone 4 hours after the beginning of the experiment produced a 
second rise in blood pyruvate (Fig. 4). When the same experiment was 
performed with the omission of insulin, no rise in blood pyruvate occurred. 

Since with the hydrazone method a-ketoglutarie acid is determined as 
well as pyruvic acid, an attempt was made to differentiate these two keto 
acids. It was found that in contrast to pyruvic acid (5) a-ketoglutaric acid 
does not disappear when added to oxalated blood. Blood samples of four 
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Fic. 3. Blood pyruvic acid after the intravenous injection of 2 gm. per kilo of 
glucose into depancreatized dogs followed by the intravenous administration of 
insulin 1 or 1} hours after the glucoseinjection. The dotted line represents the blood 
pyruvate values after insulin. The corresponding blood sugar values (in mg. per 
cent) were as follows: Curve 9, 285, 650, not determined, 635, 435, 460, 440, 325, 295, 
272; Curve 10, 371, 786, 620, 567, 500, 470, 367, 290, 287, 233, 235; Curve 11, 240, 680, 
610, 500, 455, 408, 395, 317, 287, 264, 178, 240; Curve 12, 380, 775, 662, 572, 515, 478, 438, 
386, 324, 296, 225, 228; Curve 13, 316, 825, 718, 688, 634, 528, 508, 358, 316, 269, 226, 202; 
Curve 14, 376, 734, 657, 615, 538, 505, 435, 405, 363, 320, 281, 204, 180, 125; Curve 15, 
312, 665, 624, 546, 429, 398, 340, 288, 263, 201, 160, 124, 120. 


depancreatized dogs that had been injected with glucose were allowed to 
stand in 0.2 per cent oxalate for 30 minutes at room temperature before and 
after insulin administration. The blood pyruvate before insulin injection 
varied between 0.74 and 1.10 mg. per cent, and 1 hour after insulin between 
1.72 and 2.91 mg. per cent respectively. When the blood had stood in 
oxalate for 30 minutes at room temperature, the pyruvic acid content fell to 
values between 0.21 and 0.44 mg. per cent both in the samples before and 
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after insulin administration, indicating that insulin did not produce a rise 


in a-ketoglutaric acid. 
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Fic. 4. Blood pyruvie acid after the simultaneous intravenous injection of 2 gm 
of glucose per kilo and insulin (25 to 40 units) into depancreatized dogs followed by 
the intravenous injection of another 2 gm. per kilo of glucose. The dotted line 
represents the blood pyruvic acid values after the second glucose injection. The 
corresponding blood sugar values (in mg. per cent) were as follows: Curve 16 (with- 
out the second glucose injection) , 337, 725, 445, 279, 243, 121, 117, 128; Curve 17 (with- 
out the second glucose injection), 413, 815, 627, 462, 304, 230, 208, 175; Curve 18, 
267 , 568, 428, 327, 242, 214, 502, 386, 334; Curve 19, 340, 348, 348, 161, 165, 394, 311, 252; 
Curve 20, 310, 452, 289, 235, 242, 580, 384, 330; Curve 21, 372, 640, 565, 368, 215, 143, 


125, 395, 310, 262, 232. 


When the blood sugar of a depancreatized dog was raised to between 700 
and 1000 mg. per cent by a continuous infusion (300 ml. of a 5 per cent solu- 
tion per hour after a preliminary injection of 3 gm. of glucose per kilo), an 
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Fic. 5. Blood pyruvic acid (left-hand scale) and glucose (right-hand scale) in 
mg. per cent, after the intravenous injection (2 gm. per kilo) followed by continuous 
infusion (300 ml. of a 5 per cent solution per hour) of glucose into depancreatized 


dogs. 
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Minutes After Pyruvate Injection 


Fic. 6. Blood pyruvate after the intravenous injection of sodium pyruvate (1 
gm. of pyruvic acid per kilo) into normal and into depancreatized dogs. Each 
curve represents the average of four experiments. 
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elevation in blood pyruvate occurred despite the absence of insulin. Under 
these conditions the blood pyruvate reached a constant level within 1 or 2 
hours. Insulin injected 5 hours after the start of the infusion produced a 
further rise in pyruvate together with a marked decrease in blood sugar 
(Fig. 5). 

The rise in blood pyruvate produced by insulin after glucose injection 
in depancreatized dogs may be attributed to either an increased formation 
or a decreased removal of pyruvate. Flock, Bollman, and Mann (6) have 
previously reported that the utilization of pyruvate is the same in normal 
and depancreatized animals. In agreement with these observations it was 
found that after the injection of 1 gm. of pyruvic acid (as Na pyruvate) per 


TaBLe I 
Blood Pyruvic Acid and Blood Sugar of Trained Dog Following Injection of Glucose 
(2 Gm. per Kilo) before and after Pancreatectomy 


Before pancreatectomy After pancreatectomy, no anesthesia 
oo No anesthesia Anesthesia No insulin 30 units insulin 
injection - 
Pyruvic acid > Pyruvic acid _ rye i —_ —— = 
min meg. per ceni a. mg. per cent perenal meg. per cent oar tenes meg. per cent oat 
Initial | 1.38 101 0.86 100 1.08 350 0.99 301 
10 1.92 + 0.54 673 1.11 + 0.25) 575 1.08 740 1.08 655 
20 2.32 + 0.94 428 1.82 + 0.96 450 1.01 625 
30 2.49+1.11 313 | 1.95+1.09 | 294 1.03 500 1.35 482 
45 2.66 + 1.28 181 2.03 + 1.17 199 1.00 183 
60 2.41 + 1.03) 103 | 1.95+1.09| 152 1.08 1.92 351 
90 1.92 + 0.54 87 | 1.73 + 0.87 120 1.09 455 2.16 304 
120 1.10 420 1.95 283 


kilo there is no difference in its rate of disappearance from the blood in 
normal and in depancreatized animals (Fig. 6). In addition, in human 
subjects the rate of disappearance of pyruvate during insulin shock is the 
same as in the control experiment when pyruvate is injected into the same 
subject without insulin administration (3). 

A dog trained to remain under basal conditions during the whole experi- 
mental period was used in order to determine whether pentobarbital anesthe- 
sia has an effect on the blood pyruvate level after glucose injection. The 
results obtained before and after pancreatectomy are similar to those ob- 
served on the animals anesthetized with pentobarbital (Table 1). In addi- 
tion after glucose injection barbiturate anesthesia does not influence the 
rise in blood lactate in dogs (7) nor the increase of blood pyruvate in human 
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subjects.! It is, therefore, probable that nembutal anesthesia did not have 
any effect on the blood pyruvate levels reported in this paper. 


DISCUSSION 


An increase in blood pyruvate in vivo can be produced (1) by supplying 
large amounts of glucose and (2) by insulin. If glucose is supplied in 
amounts sufficient to maintain the blood sugar of depancreatized dogs at 
levels between 750 and 1000 mg. per cent, a moderate increase in pyruvate 
takes place even in the absence of insulin. In addition the injection of 
glucose into depancreatized dogs that had previously (4 hours before) 
received insulin and glucose produces a rise in pyruvate even without fur- 
ther insulin injection. On the other hand insulin, without the administra- 
tion of glucose, produces no increase even in large doses in normal (8, 3) or 
diabetic subjects (2). Insulin, therefore, increases the blood pyruvate in 
the depancreatized animal or diabetic or normal (3) subjects only if large 
amounts of glucose are supplied. 

Since the rate of disappearance of injected pyruvate from the blood is 
the same whether insulin is absent or present in normal or excessive 
amounts, theincrease in blood pyruvate produced by insulin cannot be due 
to a decreased pyruvate removal. It is, therefore, concluded that after the 
administration of glucose to depancreatized dogs insulin increases the for- 
mation of pyruvic acid. This effect is also indicated by the observation 
that under aerobic conditions insulin increases the phosphorylation of 
glucose in vitro (9); ¢.e., insulin acts on a stage of carbohydrate metabolism 
preceding the formation of pyruvic acid. 


SUMMARY 


1. In contrast to normal animals the injection of glucose (2 gm. per kilo) 
into depancreatized dogs does not produce a rise in blood pyruvate. 

2. If insulin is administered to depancreatized dogs together with or 
shortly after the injection of glucose, a marked rise in blood pyruvate takes 
place. 

3. A moderate increase in blood pyruvate occurs in depancreatized dogs 
despite the absence of insulin if excessively large amounts of glucose are 
injected. Under these conditions insulin produces a further rise in blood 
pyruvate. 

4. Since insulin does not decrease the removal of pyruvic acid in depan- 
creatized dogs, it is concluded that insulin increases the formation of pyruvic 
acid in vivo. 


' Unpublished observations. 
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THE ACID- AND BASE-BINDING CAPACITY OF HEAT- 
DENATURED COLLAGEN 


By EDWIN R. THEIS anp T. F. JACOBY 


(From the Biochemistry Division, Department of Chemistry, Lehigh 
University, Bethlehem) 


(Received for publication, November 28, 1942) 


When collagen strips are heated in the presence of moisture to tempera- 
tures greater than 60° (1), an irreversible shrinkage takes place. This 
shrinkage is said to be caused by the breakdown of the various cross chain 
linkages between the polypeptide chains, thus bringing about a general 
collapse of the chains upon themselves. 

The irreversible shrinkage of the collagen fiber may be caused by differ- 
ent agents, such as heat in the presence of water or by the action of various 
salts. The shrinkage of collagen has been rather extensively studied by 
Wohlisch (2), Meyer and Ferri (3), Grassmann (4), Kuntzel (5), Bray- 
brooks et al. (6), Chater (7), and Theis and Steinhardt (1). The shrinkage 
of collagen might be compared with that found by Gotschlich (8) and Jen- 
sen (9) for frog muscle and termed by them thermal rigor. The writers 
believe that the shrinkage of moist collagen can certainly be termed heat 
denaturation. Bull (10) in a recent dissertation suggests that protein 
denaturation consists of an over-all process of three reactions; (a) denatur- 
ation proper, apparently an intramolecular rearrangement whereby certain 
groups not detectable in the native protein appear so in the altered one; 
(b) flocculation preparatory to coagulation; and (c) formation of an in- 
soluble coagulum. Bull points out that much confusion exists regarding 
the titration curves of heat-denatured proteins. Loughlin (11) claims that 
the titration curve for heat-denatured protein is identical with that for the 
native protein. Chow and Wu (12) maintain that a real difference exists. 
Michaelis and Davidsohn (13) indicate that the isoelectric point of de- 
natured protein is higher than that of the native protein. Bull postulates 
that this difference cannot be great and that the lack of difference argues 
against any great destruction of the zwitter ion structure. He further 
indicates that heat denaturation causes a change in pH at certain pH 
values. Hendrix and Wilson (14) claim a considerable decrease in both 
acid- and base-binding capacity of the coagulated protein as contrasted 
with the native protein. Cohn, MeMeekin, Edsall, and Blanchard (15) 
have suggested that the carboxyl and amino groups may come within the 
sphere of attraction of each other and thus reduce the zwitter ionic charac- 
ter. Jordan-Llovd and Shore (16) point out that the value of the isoelec- 
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tric point of a protein depends not only upon the number but also upon the 
proximity and space arrangement of the charged groups. Thus denatura- 
tion may cause such a change in molecular configuration as to change the 
isoelectric point of the protein drastically. 

Mirsky and Pauling (17) point out that reagents which cause denatura- 
tion are all substances which affect hydrogen bond formation. These 
reagents form hydrogen bonds with the protein side chains and thus pre- 
vent them from combining with each other and in that way altering the 
structure of the native protein. These workers indicate that acids act by 
supplying protons individually to the electronegative atom which would 
otherwise share protons, and bases act by removing from the molecule the 
protons needed for hydrogen bond formation. Mirsky and Pauling then 
suggest that this conception provides the explanation of the fact that the 
isoelectric point of the protein shifts toward the neutral point on denatura- 
tion. Since in the native protein molecule some amino and carboxy] side 
chains are paired together by forming hydrogen bonds, the acid-base 
properties of the molecule are thus defined by the groups which are left 
free. Upon denaturation some of these paired groups are freed, amino and 
carboxyl groups in equal numbers, and as a consequence the isoelectric 
point of the denatured protein is shifted toward neutrality. 


EXPERIMENTAL 


Denaturation data covered in the literature are usually those for the 
soluble or globular proteins. It is therefore of real interest to determine 
the acid- and base-binding capacity of heat-denatured collagen. Strips 
of collagen prepared from goatskin were placed in distilled water, and the 
water slowly warmed to 70° (irreversible shrinking takes place at 60°). 
After 5 minutes at this temperature the strips were removed and the surface 
dried. Exactly 1 gm. of the denatured collagen was placed in 100 ml. 
of the proper acid or base solution made 0.1 N with respect to potassium 
chloride. The collagen-acid or collagen-base systems were allowed to 
attain equilibrium at 20°. The equilibrium period for those systems in the 
pH range 2 to 11.5 was 72 hours. For the systems having a pH value of 
less than 2 and greater than 11.5, a 20 hour equilibrium period obtained. 
This shorter pericd was necessary to minimize hydrolysis, as has been pre- 
viously shown (18). Similar experiments were made with untreated 
collagen. 

The pH at equilibrium was obtained through the use of a Beckman glass 
electrode assembly with the regular electrode in the pH range 1 to 9 and 
the special alkaline electrode at pH values greater than 9. The collagen 
strips were removed and pressed several times between porous filter paper 
at 8000 pounds per sq. in. This pressing was continued until no moisture 
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showed upon the filter paper. McLaughlin and Adams (19) have shown in 
their published work and in personal communications that such pressing 
substantially removes all free water and all free electrolyte, leaving behind 
the bound water and bound acid, base, or salt. Their work upon the fix- 
ation of chromium salts is not only of real interest but of fundamental 
importance for those interested in the estimation of acid or base fixation 
by fibrous proteins. After pressing, the collagen strips were allowed to 
air-dry and were then ground in a small Wiley mill to a 60 mesh powder. 
The methods (18) used for the analysis of nitrogen, acid, or base have been 
fully described previously. 
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Fic. 1. The acid- and base-binding capacity of native and heat-denatured collagen 


Results 


Fig. 1 shows in graphical form the data taken. Curve A of Fig. 1 repre- 
sents the acid- or base-binding capacity of the native collagen, while 
Curve B represents that of the heat-denatured collagen. The trend of the 
two curves might be interpreted somewhat as follows: 

1. This particular native collagen showed an isoelectric point at pH 
6.3,! while the heat-denatured collagen showed an isoelectric point at pH 
7.5. This fact would substantiate Mirsky and Pauling’s (17) suggestion 
that the isoelectric point of the protein shifts toward neutrality upon de- 
naturation. It would also indicate that, upon denaturation, the basic 


'It is to be noted that this particular titration curve appears somewhat different 
from that given earlier (18). The values in the pH range 5 to 9 vary with the prepa- 
ration of collagen. This particular collagen was prepared by subjecting the goatskin 
to an unhairing solution made up of hydrated calcium hydroxide and water. Such 
treatment alters the collagen and decreases the isoelectric point (20). 








108 COLLAGEN 


groups of the collagen appear stronger and seem to play a more predomi- 
nant rdle in the titration. This shift in isoelectric point upon denaturation 
is very positive in nature, causing a displacement of the curve to the more 
alkaline region by some 1.2 units of pH at the isoelectric point. 

2. Curve A is the typical titration curve as shown in a previous work, 
showing 0.87 milliequivalent of acid bound per gm. of protein, a plateau 
in the pH range 7.0 to 9.5, and a maximum base-binding capacity of 0.38 
milliequivalent per gm. of protein. 

3. Curve B, representing the acid or base binding of heat-denatured 
collagen, shows practically the same maximum acid- or base-binding power 
as that shown by Curve A. However, Curve B indicates a difference in 
acid- or base-combining ability in the pH range 4.5 to 10.0. In this partie- 
ular zone, the denatured collagen shows increased avidity for hydrochloric 
acid and a decreased base-binding power. These data lend support to the 
idea that heat denaturation gives some slight increase in strength to the 
titratable groups rather than in their number. It would further appear 
that the strength of the basic groups is materially increased, while that of 


the acid groups is decreased. 
DISCUSSION 


Contrary to the findings of Loughlin (11), the present writers find that 
the trend of the titration curve for denatured collagen is quite different 
from that for the native collagen. In agreement with the findings of 
Michaelis and Davidsohn (13) and Mirsky and Pauling (17), the data show 
the isoelectric point of the denatured collagen to be higher than that ob- 
taining for the native collagen. Again, those data indicated approximately 
the same maximum acid- and base-binding capacities, contrary to the 
claims of Hendrix and Wilson (14) for coagulated egg albumin. 

Much confusion exists regarding the term denaturation, as pointed out 
by Kendall (21). Kendall questions the value of the usual definition as 
“any protein which has had its solubility changed as a denatured protein.” 
The writers are aware that the present literature pertains mostly to the 
denaturation and coagulation of globular proteins and not to the fibrous 
ones. Many investigators have indicated that coagulation of a spherical 
protein tends to produce a crystalline structure. Kendall suggests that 
it would perhaps be desirable to use another term for the changes in myosin 
in the contraction of muscle, while Mirsky (22) believes the mention of the 
kind of denaturation would suffice. 

In the case of the supercontraction of collagen, undoubtedly we have a 
change in molecular configuration. It is extremely probable that during 
the collapse of the collagen structure upon itself there is a breakdown of 
the then existing structural cohesion forces with subsequent reforming 
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of other linkages. Since in the case of the present investigation the colla- 
gen was denatured in the isoelectric zone, a change in zwitter ion configura- 
tion might well have occurred. Such a change might very well be the 
conversion of certain electrovalent salt linkages to coordinate ones. Such 
a structural change might then indicate a change in the acid- or base- 
binding capacity of the denatured protein in the isoelectric zone but not in 
the strong acidic or basic region, since such a structural change is said to 
be reversible in nature. Such reasoning is in line with the expressed ideas 
of Cohn, Mc Meekin, Edsall, and Blanchard (15) and of Jordan-Lloyd (16). 


SUMMARY 

Specially prepared collagen was denatured by allowing contraction to 
oceur in the presence of moisture at 60°. The acid- and base-binding power 
of the heat-treated collagen was determined by methods previously de- 
scribed. 

It was found that the heat-denatured collagen had approximately the 
same maximum acid- and base-binding capacity as that of the original 
native collagen. It was further found that the isoelectric point of the de- 
natured collagen had shifted to a more alkaline point, that more acid was 
fixed in the pH zone 4.5 to 7.5, and less base was fixed in the region pH 
7.5 to 10.0. The data presented are in certain cases contrary to data found 
in the literature for denatured and coagulated globular proteins. The heat 
denaturing of collagen is compared with that taking place during the con- 


traction of muscle. 
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THE DETERMINATION OF VITAMIN Bs (PYRIDOXINE) IN 
FOODS 


By ALBERT F. BINA, JAMES M. THOMAS, ann ELMER B. BROWN 
(From the Anheuser-Busch Laboratories, St. Louis) 


(Received for publication, January 14, 1943) 


Chemical methods for the determination of pyridoxine based upon the 
phenolic nature of the vitamin and also studies made upon the reactions of 
other portions of the molecule that give color reactions have been pub- 
lished. Scudi, Koones, and Keresztesy (1) used a modification of the 
Gibbs (2) phenol test and employed 2 ,6-dichloroquinonechloroimide. This 
reagent in the presence of vitamin Bs and a veronal buffer produces a blue 
color which obeys Beer’s law. Bird, Vandenbelt, and Emmett (3) pub- 
lished a modification of this method introducing the use of Superfiltrol to 
adsorb the vitamin Bg (similar to the use of Clarite employed by Swami- 
nathan (4)). However, owing to some unknown interference, neither 
Scudi’s method nor its modification has yet proved generally applicable to 
food materials fer the determination of vitamin Bg. 

Swaminathan developed a method for the determination of pyridoxine 
which he found generally applicable to biological materials. In this 
method, Swaminathan employed diazotized sulfanilic acid or the phenolic 
reagent to produce characteristic colors with vitamin Bs. These reagents 
are not specific for pyridoxine but depend upon the complete removal of 
interfering substances prior to treatment with this reagent. The values 
published by Swaminathan for various foods agree well with those obtained 
by a bioassay method developed by Waisman and Elvehjem (5). The 
chief drawback to Swaminathan’s method is the fact that it is quite complex 
and that the extracts require many manipulations and treatments involving 
large volumes of solutions before they are free of interfering substances and 
ready for colorimetric reading. 

The method described in this paper is designed to overcome many of the 
inherent difficulties existing in the present methods for the determination of 
vitamin Bs. It considerably reduces the volumes of solutions used and 
manipulations employed in freeing the extract of interfering substances as 
compared to Swaminathan’s procedure and gives a final extract in which 
the color complex formed is very stable. 

Reagents Required— 

1. Asolution of papain and taka-diastase in acetate buffer of pH 4.5 made 
up so that 5 ml. contain 0.2 gm. of each enzyme. This solution should be 
prepared just before use. 
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2. Acetate buffer. 54.4 ml. of glacial acetic acid and 111 gm. of hydrated 
sodium acetate crystals dissolved and diluted to 1000 ml. 

3. A solution of 25 per cent sodium tungstate. 

4. A solution of alkaline ethyl alcohol made by dissolving 1 gm. of sodium 
hydroxide in 200 ml. of redistilled ethyl alcohol. The sodium hydroxide is 
added to the alcohol and heated slowly with stirring. After the alkali is 
dissolved, the solution is allowed to cool slowly to room temperature, made 
up to 200 ml. with ethyl alcohol, and filtered clear. Upon standing any 
length of time, this solution will become turbid and, therefore, should be 
used soon after it is prepared. 

5. A solution containing 12 ml. of glacial acetic acid, reagent grade, in 
100 ml. of water. 

6. A solution containing 50 gm. of hydrated sodium acetate crystals in 
100 ml. of water. 

7. A solution containing 5.5 gm. of anhydrous sodium carbonate in 100 
ml. of water. 

8. A solution containing 1.6 gm. of sulfanilic acid in 500 ml. of solution is 
made by dissolving 1.6 gm. of sulfanilic acid in 400 ml. of distilled water 
containing 45 ml. of concentrated hydrochloric acid and then diluting to 
500 mil. 

9. A solution containing 10 gm. of sodium nitrite in 100 ml. of water. 

10. Diazotized reagent. 2.5 ml. of the sulfanilic acid solution are 
pipetted into a brown 25 ml. glass-stoppered graduate and then placed in an 
ice bath. After 5 minutes, 0.4 ml. of a 10 per cent solution of sodium nitrite 
is added, mixed, and made up to 10 ml. with water. The solution is made 
fresh just before use and kept in the ice bath. 

11. A standard solution of pyridoxine containing 100 y per ml. This 
solution should be made slightly acid and stored in a brown glass flask. A 
daily working standard containing 10 y per ml. is prepared from this solu- 
tion. 

Reagent 9 should be made up fresh once a month. 

Reagents 8, 9, and 11 are stored in the ice box. 


Method 


A sample of material of from 1 to 5 gm. is weighed into a 125 ml. Erlen- 
meyer flask and 70 ml. of 0.04 N H,SO, are added and mixed. The suspen- 
sion is autoclaved at 15 pounds pressure for 30 minutes, cooled, and a 
buffered solution containing 0.4 gm. of a mixture of equal parts of taka- 
diastase and papain added. The taka-diastase-papain solution is prepared 
by dissolving 0.2 gm. of each of the enzymes in 5 ml. of acetate buffer 
solution, pH 4.5. The enzyme-treated extract is incubated at 40° for 2 
hours, then transferred to a 250 ml. centrifuge bottle, and centrifuged for 5 
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minutes. The extract is decanted into a 125 ml. Erlenmeyer flask and the 
residue washed with 15 to 20 ml. of distilled water and again separated in 
the centrifuge. The combined extract and washings are adjusted to a pH 
of 7 with concentrated sodium hydroxide, then diluted to 100 ml. —_ Aliquots 
of this extract are used for further treatment. 

An aliquot of this extract (usually 35 ml.) is measured into a 50 ml. glass- 
stoppered centrifuge tube and 2 ml. of 25 per cent sodium tungstate solution 
added, followed by 0.5 ml. of concentrated sulfuric acid. The contents are 
mixed by inverting the tube a few times and then let stand 5 minutes. 
After being centrifuged 2 to 3 minutes, the extract is decanted into another 
centrifuge tube and the precipitate is washed with 5 ml. of water, centri- 
fuged, and the washing added to the extract. A slight turbidity at this 
point can be disregarded. The extract is adjusted to approximately pH 3 
with saturated sodium hydroxide, by means of the glass electrode. If a 
precipitate forms, this should be centrifuged out. To this solution 0.5 gm. 
of Superfiltrol' is added and the mixture let stand for a period of 30 minutes. 
The tube is inverted at intervals to suspend the Superfiltrol, then centri- 
fuged, and the extract discarded. The Superfiltrol containing the vitamin 
B; is now washed twice with 15 ml. portions of MclIlvaine’s buffer solution 
of pH 3 and the washings discarded. The last washing is carefully de- 
canted so that the Superfiltrol contains the least possible amount of water. 

To the tube containing the Superfiltrol, 20 ml. of 0.5 per cent alkaline 
ethyl aleohol are added and shaken, and the tube is then placed in a water 
bath at 60-65° for 30 minutes. During this time the tube is whirled several 
times to disperse the Superfiltrol through the eluent. After cooling, the 
tube is centrifuged and the eluate is decanted off into a 50 ml. beaker and 
the Superfiltrol washed with 5 ml. more of the alkaline alcohol solution, 
centrifuged, and the washings added to the beaker. The pH of the com- 
bined eluate in the beaker is now adjusted to exactly pH 7.3 with acetic acid 
solution, Reagent 5, by means of the glass electrode.2 After neutralization 
the solution is diluted with redistilled alcohol to the desired volume and 
filtered clear through No. 202 Reeve Angel filter paper into a glass-stoppered 
bottle. 10 ml. portions of this solution, containing from 10 to 20 y of 
vitamin Bg, are used for the color determination. 

Color Determination with Diazotized Sulfanilic Acid—To 10 ml. of the 
above solution, 4 ml. of sodium acetate solution, Reagent 6, are added and 
then 2 ml. of distilled water. This is followed by 1 ml. of the diazotized 
reagent and 2 ml. of 5.5 per cent sodium carbonate, Reagent 7. The solu- 
tion is mixed gently after the addition of each reagent. 15 ml. of this 
solution are placed in the cuvette and the color read. 15 ml. of distilled 


' Obtained from the Filtrol Corporation, Los Angeles. 
* A Beckman pH meter, laboratory model, was used with the external electrodes. 
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water are used to set the machine to zero extinction before the readings are 
made. Toa second 10 ml. portion of sample, 1 ml. of standard containing 
10 + of vitamin Bg is added, treated, and the color measured as with the first 
portion. A blank is made by using 10 ml. of extract, 3 ml. of water, 4 ml. of 


TasBLe I 
Vitamin Bz Content of Some Food Materials 


y per gm. 
Dried brewers’ type yeast, Sample 1... 64.5 
‘e ee oe “ce ce 2. : Ser ' ; 75 
oe “a e ai “e - : ad ; 68 
ia ce ce ‘e ce 4. , 65 
Dried bakers’ yeast Lanes tne cnene os is 65 
Liquid yeast extract (sp. gr. 1.2)....... 138 (166 y per ml.) 


Rice bran concentrate (commercial sample)..... wie “ .*) 


Ground soy beans. . 12 
Dried beef liver.. 80 
Taste II 
Recovery of Added Vitamin Bs 
Material Found Recovery 
Y per cent 
100 y crystalline pyridoxine hydrochloride 96 96 
1 gm. brewers’ yeast + 100 y vitamin Be 170 97 
1 “a “< ‘é + 100 ai ‘é se . 172 98 
0.5 ml. rice bran concentrate + 100 y vitamin Be... 177 96 


sodium acetate solution, and 2 ml. of 5.5 per cent sodium carbonate sol- 


ution. 

A = extinction coefficient of 10 ml. of extract + 2 ml. of water + 4 ml. of 
sodium acetate + 1 ml. of diazotized sulfanilic acid + 2 ml. of sodium 
carbonate 

B = extinction coefficient of 10 ml. of extract + 1 ml. of water + 1 ml. of 
standard solution containing 10 y of vitamin Bs + 4 ml. of sodium 
acetate + 1 ml. of diazotized sulfanilic acid + 2 ml. of sodium 
carbonate solution 

Blank (C) = extinction coefficient of 10 ml. of extract + 3 ml. of H,O + 4 ml. of 
sodium acetate solution + 2 ml. of sodium carbonate solution 
Then, A — B=extinction produced by 10 y of vitamin Bs (D) 


A — C=extinction produced by 10 ml. of extract (£) 
(10 * E)/D=vitamin Bs in 10 ml. of extract 


Vitamin Bg in 10 ml. 


. —— = micrograms per gm, of vitamin B; 
Gm. of material in 10 ml. of extract 
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Although some of the materials tested yielded highly colored water ex- 
tracts, the final alcoholic solutions had extremely low blank values. The 
data are given in Tables I and II. 


SUMMARY 


The method we present for the determination of pyridoxine consists es- 
sentially in the extraction and hydrolysis of the vitamin material with 
dilute acid and enzymatic digestion, treatment with sodium tungstate to 
remove protein and interfering substances, adsorption of the pyridoxine on 
Superfiltrol at pH 3, selective elution of the vitamin with alkaline alcohol, 
conversion of the vitamin Bg into an azo dye with diazotized sulfanilic acid, 
and measurement of the color produced by means of the fluorophotometer. 
A Pfaltz and Bauer model A fluorophotometer, with a combination blue and 
yellow filter, was found suitable for this purpose; an iris diaphragm setting 
of approximately 20 was used. A blank determination is made by using 
an aliquot of the extract with all of the reagents except diazotized sulfa- 
nilic acid which is replaced by 1 ml. of distilled water. 

The method we use for the hydrolysis and extraction of the sample is 
considered sufficient to liberate any vitamin Bs that might be bound in 
chemical combination, without destruction of the vitamin. Swaminathan 
employed only pepsin digestion, but for an extended period of 24 hours, for 
the liberation of the vitamin Bs in his method. We believe, however, the 
use of a mild hydrolysis followed by enzymatic digestion of the material is a 
better extraction procedure than either acid hydrolysis or enzymatic diges- 
tion used alone. Scudi (6) reported higher values for vitamin Bs on rice 
bran extract after hydrolysis than were obtained by analysis on the original 
extract. He interpreted this to be due to a condensation product involving 
2 molecules of vitamin Beg. 

We have found alkaline alcohol to be an efficient solvent for the elution 
of vitamin Bs and more suitable for this purpose than any of the treatments 
heretofore described. By the use of this solvent in the elution step, treat- 
ment of the extract with barium hydroxide, silver nitrate, and sodium 
nitrite is not necessary. The high specificity of this solvent for pyridoxine 
extraction from the Superfiltrol is readily shown by making the elution with 
barium or sodium hydroxide and comparing the results obtained. In the 
first case, interfering substances are not eluted to produce interference in the 
color development, while if the elution is made with barium or sodium hy- 
droxide, with no other purification step, the color produced with the diazo- 
tized reagent will be an intense reddish brown instead of the characteristic 
yellow color obtained with pure pyridoxine. This shows that chromogens 
other than pyridoxine are adsorbed on the Superfiltrol and are eluted with 
the pyridoxine by the solvents employed in other methods. Recovery ex- 
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periments show that the pyridoxine is completely removed from the 
Superfiltrol by the alkaline alcohol. 

The color produced by the diazotized sulfanilic acid and vitamin Bs under 
the conditions of the procedure described is remarkably stable and differs in 
this respect from the color obtained by Swaminathan using the same reagent 
under the conditions of his procedure, who reported that the color produced 
begins to fade after 5 minutes. We find that the intensity of the color as 
developed by our procedure had diminished only 15 per cent after the 
material had stood 24 hours at normal conditions of light and temperature. 
The color produced in Scudi’s method is also unstable and requires 20 
minutes to reach a maximum. 

The results obtained on materials tested by this method are in good agree- 
ment with those obtained by Swaminathan’s method and Elvehjem’s new 
bioassay method as reported by Waisman and Elvehjem (5). A direet 
comparison has not been made with Scudi’s (6) results but recently this 
author published a paper in which values for rice bran concentrate were 
given. He obtained an average value of about 130 y per gm. We finda 
value of 138 y per gm. on a commercial rice bran extract by our method 
(a value of 150 y per ml. was claimed on the label; we found 168 y per ml.), 
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THE ROLE OF MYOKINASE IN TRANSPHOSPHORYLATIONS* 


I. THE ENZYMATIC PHOSPHORYLATION OF HEXOSES BY ADENYL 
PYROPHOSPHATET 


By SIDNEY P. COLOWICK ann HERMAN M. KALCKAR 


(From the Department of Pharmacology, Washington University School of Medicine, 
St. Louis) 


(Received for publication, January 11, 1943) 


The enzyme which catalyzes the phosphorylation of glucose and fructose 
was described in 1927 by Meyerhof (1). He found that muscle extracts 
which split polysaccharides and hexose phosphates to lactic acid but were 
unable to ferment hexoses could be enabled to ferment glucose and fructose 
by addition of a protein fraction from bakers’ yeast. The same protein 
fraction activated the aerobic oxidation of hexoses in the hemolysate from 
red cells (2). The yeast protein was named hexokinase to indicate that it 
initiates the metabolism of hexoses. 

The nature of the hexokinase reaction was revealed by studies of von 
Euler and Adler (3) and of Meyerhof (4) in 1935. Von Euler and Adler 
observed that the crude hexose monophosphate dehydrogenase (Zwischen- 
ferment) obtained from yeast by Warburg and Christian in 1933 (5) was 
able to oxidize not only hexose monophosphate but also unphosphorylated 
glucose and fructose, provided that adenosine triphosphate was added to 
the system. Von Euler and Adler showed that the action of adenosine 
triphosphate was due to an enzymatic transfer of the labile phosphate 
groups of this nucleotide to glucose or fructose, thus forming hexose mono- 
phosphate, the substrate to be oxidized. The yeast enzyme catalyzing 
this phosphate transfer was called heterophosphatese. 

Meyerhof (4) subsequently showed that the hexokinase, too, catalyzes a 
transfer of phosphate from adenosine triphosphate to glucose. This ex- 
plains the action of hexokinase on the fermentation of monohexoses in 
muscle extracts, since small amounts of adenyl pyrophosphate are formed 
continuously as soon as the fermentation is started and the limiting factor 


* This work was supported by a grant from the Rockefeller Foundation. 

+ Part of this paper has been presented at the Twenty-eighth meeting of the 
American Society of Biological Chemists at Chicago, 1941, and at the Symposium on 
Respiratory Enzymes at the University of Wisconsin, September, 1941. (Cf. Cori, 
C. F., in Symposium on respiratory enzymes, Madison, 182, tables 4 and 5 (1941). 
Cf. also Colowick, 8. P., and Kalckar, H. M., J. Biol. Chem., 187, 789 (1941)). 

From the thesis presented by one of the authors (S. P. C.) to the Board of Grad- 
uate Studies, Washington University, in partial fulfilment of the requirements for 
the degree of Doctor of Philosophy. 
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therefore is the phosphate-transferring enzyme (hexokinase, heterophos- 
phatese). The phosphate transfer was tentatively formulated as follows: 


(1) Adenosine triphosphate + 2 hexose — adenylic acid + 2 hexose monophosphate 


In the present paper a detailed study of the enzymatic transfer of phos- 
phate from adenyl pyrophosphate to hexose with respect to phosphate 
donor, phosphate acceptor, reaction products, and catalysts has been made. 
It was found that, in the presence of yeast hexokinase, the pyrophosphate 
of adenosine triphosphate is degraded only one step according to the 
equation, 

(2) Adenosine triphosphate + hexose — adenosine diphosphate + hexose monophos- 

phate 
Apparently only the triphosphorylated adenosine acts as phosphate donor 
in this system. It was furthermore found that adenosine diphosphate can 
be made available for phosphorylation of hexoses if there is added to the 
hexokinase system an enzyme prepared from skeletal muscle. This enzyme 
has been named myokinase because skeletal muscle has been found to be by 
far the best source. Some properties of this new enzyme will be described 
in the experimental section. 
Methods 

In the study of the reaction catalyzed by hexokinase, the acid-labile 
phosphate groups of adenosine di- and triphosphate were measured by 
analysis of trichloroacetic acid filtrates for inorganic phosphate (6) before 
and after an 11 minute hydrolysis in 1.0 N H.SO, at 100°. The disappear- 
ance of acid-labile P when glucose was omitted (due to hydrolysis of adenyl 
pyrophosphate to adenylie acid and inorganic phosphate by the enzyme 
adenylpyrophosphatase) was insignificant during short periods of incu- 
bation. 

The hexokinase reaction can also be followed manometrically, since the 
transfer of 1 mole of P from adenosine triphosphate to glucose results in the 
liberation of 1 acid equivalent. This is due to the change from an alcohol- 
OH linkage (undissociable) in the glucose molecule to an acid-OH linkage 
(dissociable) in the adenosine diphosphate molecule. 


O O O O 
| 
R—OH + R’—O—P—O—P—0O+P—O- — R—O—P—O- + 
| | | | 
O- O- O- | 
Glucose Adenosine triphosphate Glucose-6-phosphate 
O O 


| | 
R’—O—P—O—P—O- + H* 

| | 

O- Co 
Adenosine diphosphate 
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Similarly, transphosphorylation from adenosine diphosphate to glucose also 
results in the liberation of 1 acid equivalent. 

The manometric experiments were carried out as follows: A Warburg 
vessel, the side arm of which contained 0.2 ml. of 0.04 m adenyl pyrophos- 
phate (sodium salt, pH 7.5) and 0.2 ml. of 0.04 m NaHCOs, and the main 
compartment of which contained 1.2 ml. of the enzyme nzyme solution, 0.02 m 
NaHCOs, 0.02 m glucose, and 0.01 mM MgCh, was filled with 5 per cent 
C0;-95 per cent N. (pH 7.5). After equilibration at 30° for 5 minutes, the 
stop-cocks were closed and the contents of the side arm and the main com- 
partment were mixed. The CO, evolved was a measure of the amount of P 
transferred from adenyl pyrophosphate to glucose. It should be pointed 
out that the CO, evolved is equivalent to the P transferred only at a pH of 
7.5 or higher. At lower pH values, the newly formed acid group is only 
partially dissociated and consequently only a fraction of the calculated 
amount of CO, is liberated. 

A third method of following the hexokinase reaction is based on the pH 
change which occurs when the reaction is carried out in weakly buffered 
solutions. ‘The pH was determined with a glass electrode at the beginning 
of the experiment and at various intervals after the addition of glucose. 
Although the pH changes cannot be interpreted quantitatively, the method 
is convenient for the rapid determination of the relative activity of various 
enzyme preparations. 


Materials 


Hexokinase—The method described by Meyerhof (1) for the preparation 
of hexokinase from bakers’ yeast was used. The Meyerhof preparation 
was fractionated with ammonium sulfate and the fraction precipitating 
between 50 and 75 per cent saturation was dried in vacuo in the cold and 
stored in a desiccator. The dry powder may be kept for months without 
loss of hexokinase activity. 

Myokinase—Rabbit skeletal muscle was cooled, ground, and extracted 
twice with 2 volumes of water. After centrifugation the muscle extract was 
acidified with 0.05 volume of 1.0 N hydrochloric acid and heated on a water 
bath to a temperature of 90°. After 1 to 2 minutes at this temperature the 
acid mixture was cooled rapidly and then neutralized to pH 6.5 with 2 N 
sodium hydroxide. A large precipitate was formed which was removed by 
filtration. To the supernatant fluid, which contained about 0.1 per cent 
protein, was added ammonium sulfate to about 80 per cent of saturation 
and the precipitated protein was filtered off and dissolved in water (about 
100 ml. for 0.4 gm. of protein). 

Adenylic Acid Deaminase—This enzyme was prepared according to the 
directions of Schmidt (7). Rabbit muscle was ground and washed repeat- 
edly with 0.85 per cent sodium chloride. The washed residue was then 
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shaken for several hours with 2 per cent sodium bicarbonate solution and 
filtered. This enzyme preparation still contained small amounts of myoki- 
nase. In order to remove the remaining myokinase, 0.05 m acetate buffer 
(pH 5.0) was added to the solution of deaminase until the pH was about 6, 
The resulting precipitate, which contained the deaminase, was washed 
repeatedly with 0.005 m acetate buffer, until the last trace of myokinase was 
removed and the precipitate was finally suspended in water. 

Substrates—-Adenosine triphosphate was prepared from rabbit muscle by 
a modification of the method of Lohmann (8). The barium salt was con- 
verted to the sodium salt by removing the barium with the stoichiometric 
amount of sulfuric acid and neutralizing with sodium hydroxide to pH 7.5, 
The ratio of acid-labile to acid-stable P was 1.9. Adenosine diphosphate 
was then prepared from adenosine triphosphate by the action of lobster 
muscle pyrophosphatase, as described by Lohmann (9) or by the action of 
hexokinase (see the experimental section). Adenylic acid was prepared by 
alkaline hydrolysis of adenosine triphosphate according to the method of 
Lohmann (8). 


Results 


Reaction of Adenosine Triphosphate with Glucose—The experiments repro- 
duced in Table I show that when adenosine triphosphate is incubated with 
veast hexokinase and glucose there is a rapid disappearance of about one- 
half of the acid-labile phosphate, after which no further transfer of phos- 
phate to glucose takes place. In the absence of glucose there is a slow 
hydroiytic disappearance of acid-labile phosphate, owing to the presence of 
small amounts of adenylpyrophosphatase. 

Similar results were obtained in manometric experiments. In the experi- 
ment illustrated in Table II, the maximal amount of carbon dioxide evolved, 
when corrected for the carbon dioxide production in the absence of glucose, 
was equivalent to about one-half of the labile P added as adenosine triphos- 
phate. It can be seen that the amount of carbon dioxide evolved, as deter- 
mined manometrically, is in agreement with the amount of P transferred, as 
determined by chemical analysis. 

Addition of adenosine diphosphate to the svstem does not result in any 
phosphorylation of hexose (cf. Table III). From these experiments it is 
clear, therefore, that in the hexokinase system triphosphorylated adenosine 
is the phosphate donor, whereas diphosphorylated adenosine is inactive. 

The formation of adenosine diphosphate in the hexokinase reaction has 
been verified by isolation: 100 ml. of a solution containing 0.008 m aden- 
osine triphosphate, 0.030 Mu glucose, 0.005 m MgCl, 20 mg. of hexokinase 
(dialyzed free of ammonium sulfate), and 0.02 m bicarbonate-CO. buffer of 
pH 7.5 was incubated at 30° for 30 minutes, at which time the reaction 
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was complete. After treatment with trichloroacetic acid, the protein-free 
filtrate was made alkaline to pH 8 and an excess of barium acetate was 


TaBLe I 
One-Step Reaction of Adenosine Triphosphate with Glucose 


1 ml. of reaction mixture contained 0.005 m MgCl., 0.5 mg. of hexokinase powder, 
and other additions as indicated below. Temperature 30°. Initial pH 7.5. 








Additions Time | Acid-labile P | P transferred 


| to glucose 
min. Y nae re ee 
Adenosine triphosphate. * 0 64.0 
- . Sree 5 61.1 
“ sig + 2 mg. glucose... .| 5 35,0 26.1 
a _ ; ees 15 57.0 
a - + 2 mg. glucose... .| 15 33.9 23.1 
TABLE II 


Comparison of Chemical and Manometric Measurement of One-Siep Reaction of 
Adenosine Triphosphate with Glucose 
Incubation period 20 minutes. (CO, evolution was complete after 15 minutes.) 
The procedure is described in detail in the text. 


Labile P added as adeno- 


- : ee Glucose added P transferred to glucose CO: evolved 
sine triphosphate 
micromoles micromoles micromoles micromoles 
13.4 0 0 0.9 
13.4 24 6.6 7.2 


6.2 24 2.8 3.6 
TaBe IIT 
Vecessity of Myokinase for Reaction of Adenosine Diphosphate with Glucose 


The conditions were the same asin Table I. Incubation period 5 minutes. 


Additions Acid-labile P 
Y 
\denosine triphosphate. 51.8 
~ ca + 2 mg. glucose 28.4 
“a ' + 107 myokinase 7.3 
“9 diphosphate 62.4 
= + 2 mg. glucose ' 62.9 
" +2 * ‘+ 10 y myokinase..... 16.0 


added, thus precipitating the adenosine diphosphate and leaving the 
hexose-6-phosphate in solution. After centrifugation and washing with 
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water the precipitate was dissolved in nitric acid and the nucleotide 
precipitated with mercuric nitrate. The mercury salt was decomposed 
with H,S and, after aeration, the solution was neutralized and the nucleo. 
tide reprecipitated with barium acetate. The yield of dry barium salt 
was0.4gm. Pentose was determined according to the method of Mejbaum 
(10). Per mole of pentose there was found 0.90 mole of acid-labile P and 
0.91 mole of acid-stable é 

The other reaction product, hexose monophosphate, has also been igo. 
lated, with glucose as phosphate acceptor. The barium salt of the hexose 
monophosphate contained 7.2 per cent organic P and the reducing power, 
measured with the Shaffer-Somogyi reagent (11), was 76 per cent of that 
given by an equivalent quantity of glucose. 32 per cent of the hexose was 
fructose, which was determined colorimetrically (12). These properties 
correspond to those of the equilibrium ester (13, 14). Glucose (a- or B-) as 
well as fructose yields the same equilibrium ester. This is explained by the 
presence of Lohmann’s isomerase (15) in all the hexokinase preparations, 

It has been established that hexose-6-phosphate is the primary product of 
the reaction. A primary formation of glucose-1-phosphate (16) is excluded 
because the hexokinase preparation used in these experiments was free of 
phosphoglucomutase (17). In an experiment in which glucose-1-phosphate 
(containing 168 y of P) was added to yeast hexokinase at 30° in the presence 
of glutathione and MgClo, 167 y of easily hydrolyzable P remained after 5 
minutes of incubation, indicating that no conversion of glucose-1-phosphate 
to 6-phosphate took place. ‘The same enzyme solution was able to form 32 
y of glucose-6-phosphate P from glucose and adenosine triphosphate under 
these conditions. 

Effect of Myokinase—aAs stated previously adenosine diphosphate does 
not act directly as phosphate donor to hexose in the presence of hexokinase. 
However, it has been found that, when yeast hexokinase is supplemented by 
small amounts of myokinase, phosphorylation of hexose does take place 
with adenosine diphosphate as the sole phosphate source. Even crude 
preparations of myokinase are very active in a concentration as low as I0 
y of protein per ml. (See Table III.) Incubation of adenosine diphos- 
phate and glucose with myokinase alone does not give rise to any changes 
in the amount of pyrophosphate. The phosphorylation of hexose by 
adenosine diphosphate can be followed manometrically or with the glass 
electrode. Fig. 1 shows the acidity changes of the two-step reaction d 








adenosine triphosphate with glucose. The acidity change is the same | 


whether myokinase is added to the system from the start or after the first 
step reaction is completed. 

The reaction products in the second step reaction are adenylic acid and 
hexose-6-phosphate. Thus the phosphorylation of hexose in the presence 
of myokinase is represented by the following equations: 
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Adenosine diphosphate + hexose — adenylic acid + hexose monophosphate 
Adenosine triphosphate + 2 hexose — adenylic acid + 2 hexose monophosphate 


These reactions are not measurably reversible. 

The phosphorylation of hexose by adenosine diphosphate is inhibited by 
one of the reaction’ products, adenylic acid; the other product, hexose 
monophosphate, does not exert any inhibition. Since the phosphorylation 
of hexose is irreversible, the adenylic acid inhibition is not due to a reaction 
in the reverse direction. The first step phosphorylation (phosphorylation 





a Se 

: gts = 

Ly < ut gy 

ri -—../ 

onl j A 
oT Ry HOUSE 2p 

| By 
= 3 
I Sees de ew eee 


Fig. 1. Acidity changes of two-step reaction of adenosine triphosphate with glucose. 


TaBLe IV 
Relation between Adenylic Acid Inhibition and Myokinase Concentration 


Adenosine diphosphate + glucose + hexokinase + Mg**. Incubation time 15 
minutes. Temperature 25°. 


Additions P trenster | Bat A onl 
y | 
No myokinase..... ee rar’ 0 
Myokinase,5 ' 36.3 
5 “* + adenylic acid, 407 P 15.7 57 
a ats 47.0 
50 “ + adenylic acid, 407 P 44.7 5 


of hexose by adenosine triphosphate) is inhibited neither by adenylie acid 
nor by adenosine diphosphate. This indicates that myokinase, and not 
hexokinase, is the component which is inhibited by adenylic acid. More- 
over, as shown in Table IV, the adenylic acid inhibition is counteracted by 
the addition of an excess of myokinase. The specificity of the adenylic 
acid appears from the fact that neither inosinic acid nor adenosine exerts 
any inhibition. ‘The adenylic acid inhibition explains, too, the phenome- 
non that the rate of phosphorylation of hexose with adenosine diphosphate 
falls off rapidly, in particular when the myokinase concentrations are low. 
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This rapid decrease of the rate is due to accumulation of adenylic acid, be- 
cause if adenylic acid deaminase (free of myokinase) is added to the system, 
the rate of phosphate transfer does not begin to fall off until the concentra. 
tion of the phosphate donor becomes limiting (Table V). 

Distribution and Properties of Myokinase—The preparation of myokinase 
has been described in a previous section. The richest sources of the enzyme 


TABLE V 
Effect of Myokinase and Adenylic Acid Deaminase on Transphosphorylation of Hexose 
by Adenosine Diphosphate 
Adenosine diphosphate, 51 y of labile P per sample; glucose, 2 mg.; MgCl», 0.5 
mg.; glutathione, 2 mg.; hexokinase, 100 7; myokinase, 10 4; deaminase, 3007; pH 
7.2; temperature, 30°. 


P transferred Per cent available P transferred 
Enzymes added to hexokinase 2 
5 min. 20 min 5 min 20 min 
7 
Deaminase. 0 0 0 ) 
Myokinase 2 19 23 37 
” + deaminase 23 50 15 06 


TaBLe VI 
Rate of Inactivation of Myokinase in Acid at 100° 
A solution of 400 y of myokinase protein in 2 ml. of 0.1 nN HCI] was heated at 100° 
and samples were withdrawn at the times indicated. After cooling and neutraliza- 
tion, aliquots corresponding to 2 7 of myokinase were treated with 2 mg. of gluta- 
thione and tested for activity in 1 ml. of asolution containing adenosine triphosphate, 
glucose, MgCl., and hexokinase. Incubation time 5 minutes. 


Time of heating P transferred by 27 myokinase Inactivation 
min 7 per cent 
0 11.4 
10 9.0 21 
30 4.7 59 
60 0 100 


are rabbit and frog skeletal muscle. Beef muscle has been found to contain 
much smaller amounts of myokinase. The vield from rabbit brain and 
heart muscle is only about 5 per cent of that from skeletal muscle. Liver, 
kidney, and the endocrine glands (pituitary, thyroid, pancreas, and adre- 
nals) are completely free of myokinase. 

There is considerable evidence that myokinase, in spite of its high stabil- 
ity towards strong acids, is a protein. The molecular weight is high, since 
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myokinase does not pass through a collodion membrane. Myokinase is 
precipitated by saturation with ammonium sulfate. It is furthermore pre- 
cipitated by trichloroacetic acid and, provided this precipitation is carried 
out in the cold, not destroyed by this acid. Mvyokinase is digested by 
commercial pepsin, and the activity is completely abolished. The stability 
towards strong acid at 100° is illustrated in Table VI. 

Mvokinase probably contains free —SH groups which are readily oxi- 
dized. If myokinase is treated with hydrogen peroxide (0.1 per cent) at 
pH 7 and 60°, the activity disappears completely but is fully restored by 
addition of evsteine or reduced glutathione (see Table VIT). 

The experiments illustrating the action of myokinase on the hexokinase 
system leave the question open as to whether myokinase “‘activates”’ hexo- 
kinase or adenosine diphosphate. The fact that myokinase is inhibited by 


Tasie VII 
Reversible Inactivation of Myokinase by Oxidation 
A solution of myokinase (pH 7) was heated for 4 minutes at 60° in the presence of 
0.1 per cent H,O,. Aliquots were then tested for myokinase activity (a) directly, 
(b) after treatment with 2 per cent glutathione at pH 7 for 5 minutes, and (c) after 
treatment with 0.1 per cent glutathione. The test system contained adenosine 
diphosphate, glucose, MgCl,, and yeast hexokinase. Incubation period 5 minutes. 


Sample No. Description | Labile P 
7 
1 No myokinase 29.7 
2 Myokinase 9.2 
3 > oxidized 28.2 
4 -: * + 2% glutathione 9.3 
5 26.4 


" - + 0.1% glutathione 26. 


adenylic acid makes it probable that myokinase is involved in anactivation 
of adenosine diphosphate. The nature of the action of myokinase on the 
adenine nucleotides is described in Paper IT (18). 


SUMMARY 
|. Hexokinase from bakers’ veast catalyzes the one-step reaction, 
Adenosine triphosphate + hexose — adenosine diphosphate + hexose monophosphate 
The enzyme system has been used for the preparation of adenosine diphos- 
phate from adenosine triphosphate. Glucose and fructose are phosphory- 
lated equally well; the ester formed consists in both cases of two-thirds 


glucose-6-phosphate and one-third fructose-6-phosphate, owing to the 
presence of isomerase. The sugars are phosphorylated in the 6 position. 
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2. The addition of myokinase, an enzyme obtained from muscle, to the 
hexokinase system results in the phosphorylation of hexoses by adenosine 
diphosphate. The combined enzyme systems are able to catalyze the two- 
step reaction, 


Adenosine triphosphate + 2 hexose — adenylie acid + 2 hexose monophospha 
I J phate 


3. Myokinase is a protein which possesses an unusually high stability to 
boiling with mineral acids as well as to precipitation with trichloroacetic 
acid. The enzyme is inactivated by oxidation with hydrogen peroxide: 
subsequent reduction with cysteine or glutathione restores the activity com- 
pletely. Mvyokinase is found in large amounts in skeletal muscle of rabbit 
and frog. It is present in traces in heart and brain but is absent in liver 
and kidney. 
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THE ROLE OF MYOKINASE IN TRANSPHOSPHORYLATIONS 


II. THE ENZYMATIC ACTION OF MYOKINASE ON ADENINE 
NUCLEOTIDES 


By HERMAN M. KALCKAR 


(From the Department of Pharmacology, Washington University School of Medicine, 
St. Louis) 


(Received for publication, January 11, 1943) 


Adenyl pyrophosphate is an organic triphosphate which contains two 
acid-labile pyrophosphate bonds (Fiske and Subbarow (1), Lohmann (2, 
3)). The enzymatic hydrolysis of the two labile phosphate groups in aden- 
osine triphosphate takes place stepwise and in certain systems (lobster 
muscle, myosin) only the “terminal” phosphate is liberated as orthophos- 
phate, and the semiphosphorylated nucleotide, adenosine diphosphate, 
accumulates (3, 4). In Paper I (5), dealing with the phosphorylation of 
hexoses by adenosine triphosphate, it was shown that hexokinase from 
bakers’ yeast likewise catalyzes the transfer of only one labile phosphate 
group. The transfer of the second labile phosphate was accomplished by 
the addition of the acid-stable protein, myokinase. It has also been re- 
ported (6) that in those dephosphorylating systems which split only one 
labile phosphate from adenosine triphosphate, addition of myokinase brings 
about the hydrolysis of the second labile phosphate group. Incubation of 
adenosine diphosphate with myokinase alone does not give rise to any 
change in the amount of acid-labile phosphate. There was, however, more 
reason to consider myokinase an activator of the substrate than of the 
enzyme, since the enzymes catalyzing transphosphorylation and dephos- 
phorylation are of very different nature, whereas the substrate, adenosine 
diphosphate, is common for the various enzymes. 

Dr. M. Johnson of the University of Wisconsin was the first to suggest 
(private communication) that myokinase might catalyze a reversible trans- 
fer of phosphate from 1 molecule of adenosine diphosphate to another, 
yielding adenosine monophosphate (adenylic acid) and adenosine triphos- 
phate according to the equation, 


2 adenosine diphosphate = 1 adenylic acid + 1 adenosine triphosphate 


It is clear that such a reaction would not give rise to any change in the 
amount of acid-labile phosphate. The reaction products, adenylic acid 
and adenosine triphosphate, can, however, be detected and separated by 
fractionation of the barium salts at pH 8; at that pH the latter compound 
is precipitated, whereas the former is left in solution. 
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The data presented in this paper show that the suggested equilibrium 
actually occurs and is catalyzed by myokinase. The reaction might be 
designated as a “phosphate dismutation,” since adenosine diphosphate 
functions as phosphate donor as well as acceptor. 


Methods 


Determinations of inorganic, acid-labile, and total phosphate were made 
in the usual way (5). Pentose was determined according to the method of 
Mejbaum (7). A sample containing 10 to 30 y of pentose was boiled for 
15 minutes with a 1 per cent solution of orcinol in concentrated hydrochlo- 
ric acid, containing 0.1 per cent ferric chloride. The green color was esti- 
mated in a Summerson colorimeter, with Filter 66, against a standard con- 
taining 25 y of pentose. Pentose determinations were usually carried out 
after barium fractionation of the adenosine nucleotides. Adenosine di- 
and triphosphates were precipitated at pH 8 with barium, leaving adenylie 
acid in the supernatant fluid. When the precipitate of barium adenosine 
diphosphate was washed with water, a small amount went in solution. This 
amount, however, could easily be accounted for by estimation of acid-labile 
phosphorus in the barium supernatant. The corrected pentose value was 
thus total pentose in the barium supernatant minus the pentose correspond. 
ing to the amount of acid-labile P in the barium supernatant. 

Protein in the various enzyme fractions was estimated by the biuret color 
according to the method of Robinson and Hogden (8). 

Ammonia was estimated by the colorimetric method of Folin and Wu (9) 
with the Nessler reagent. In several cases the nesslerization could be car- 
ried out directly in the trichloroacetic acid filtrate, but in some cases it was 
necessary to distil the ammonia with steam and determine the amount by 
titration or by nesslerization. 

Total nitrogen was determined as follows: A sample of adenylic acid 
corresponding to 0.1 to 0.2.mg. of N was ashed with sulfuric acid, a few mg. 
of glucose, and potassium persulfate; the ammonia formed was distilled 
with steam in the Parnas apparatus (10), collected in dilute hydrochloric 
acid, and determined by nesslerization. 


Substrates 


Adenosine triphosphate was isolated from rabbit muscle according to the 
method of Lohmann (2). It is important to remove even small impurities 
of adenosine diphosphate. This is done by repeated washings of barium 
adenyl pyrophosphate at pH 4. At this pH barium adenosine diphosphate 
is soluble, whereas the barium salt of adenosine triphosphate remains in the 
precipitate. The pure triphosphorylated nucleotide has the following 
characteristics. (1) The ratio of labile P to total P is 0.67. (2) When 
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added to hexokinase from bakers’ yeast in the presence of glucose, 50 per 
cent of the labile P disappears, because only the third phosphate is trans- 
ferred to glucose. This hexokinase test, therefore, is strictly specific for the 
“terminal’’ (third) phosphate of adenosine triphosphate and has been used 
in the present studies to detect formation of triphosphorylated adenosine. 
The test has furthermore been used to distinguish between the two labile 
phosphate groups of adenosine triphosphate in studies of intact organisms 
with isotopic phosphate.! 

Adenosine diphosphate is prepared from adenosine triphosphate by add- 
ing the latter substance to hexokinase from bakers’ yeast in the presence of 
glucose. Hexose monophosphate and traces of adenylic acid can be re- 
moved by repeated washings of barium adenosine diphosphate with water. 
The pure diphosphorylated nucleotide has the following characteristics. 
(1) The ratio of labile P to total P is 0.50. (2) When added to hexokinase 
from bakers’ veast in the presence of glucose, no labile P disappears. 

Adenosine monophosphate (myoadenylie acid (11), adenosine-5-phos- 
phate (12)) was prepared from barium adeny! pyrophosphate either by alka- 
line hydrolysis according to Lohmann (2) or by enzymatic hydrolysis with 
a strong adenylpyrophosphatase obtained from aqueous extracts of 
potato.2 Adenylic acid was crystallized as the free acid according to Loh- 
mann. ‘The adenylic acid is distinguished from the adenyl pyrophosphates 
not only by chemical means but also by the following enzymatic tests: (1) 
Schmidt’s muscle deaminase (13) which, when freed from myokinase, splits 
ammonia only from adenylic acid; (2) the crystalline muscle phosphorylase 
of Green, Cori, and Cori (14), the activity of which is increased by extremely 
small amounts of muscle adenylic acid; (3) the 5-nucleotidase, a specific 
phosphatase described by Reis (15). 


Enzyme Preparations 


Yeast hexokinase (cf. (5)) was prepared from bakers’ yeast according to 
the method of Meverhof (16) and the precipitate either frozen and dried or 
redissolved and precipitated with ammonium sulfate. The protein concen- 
tration usually employed was between 50 and 100 y per ml. 

Adenylic acid deaminase (cf. (5)) was prepared according to the tech- 
nique of Schmidt (13). The preparation so obtained was acidified to pH 5 
with 0.05 m acetate buffer; by this procedure the deaminase is precipitated. 
The deaminase is freed from traces of myokinase by numerous washings of 
the acetate precipitate with 0.01 m acetate buffer (pH 5). The activity of 
the deaminase, however, is decreased considerably by the washing proce- 

' Boyle, J., Kalekar, H. M., and Mehler, A., unpublished experiments. 

? Berger, L., Colowick, 8S. P., and Stein, M., unpublished observations. Kalckar, 
H. M., unpublished experiments. 
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dure. The washed precipitate is finally suspended in veronal buffer at 
pH 7.2. 

Myokinase. Activity Determination—The purity of myokinase is usually 
determined by the hexokinase test; adenosine diphosphate, magnesium 
chloride, hexokinase, and glucose are added to all samples. Myokinase (in 
amounts of from 1 to 10 y of protein per ml.), after a preliminary incubation 
with glutathione, is added as the last component. After a 5 minute incuba- 
tion the samples are fixed and the disappearance of acid-labile P is deter- 
mined. The most purified myokinase (Fraction 3) catalyzes the transfer of 
15 to 25 y of P per y of myokinase in 5 minutes at 30°; 7.¢., 3 to 5 y of P per 
minute (see Table I). The rate obtained from 2 minute incubation was as 
high as 8 y of P per minute per y of myokinase per ml. The hexokinase test 


TABLE I 
Purification of Myokinase 

The system for measuring myokinase activity contained adenosine diphosphate, 
200 y of labile P; magnesium chloride, 0.5 mg.; hexokinase, 150 y of protein; glucose, 
5 mg.; as the last component, 10 y of the myokinase sample containing 2 mg. of 
reduced glutathione (pH 7.5). The control contained 2 mg. of reduced glutathione 
but no myokinase. Volume0.5ml. Aftera5 minute incubation at 30°, the reaction 
was stopped by addition of 10 per cent trichloroacetic acid, and the amount of acid- 
labile phosphorus was determined. The decrease in labile phosphorus, as compared 
with the control, was the amount of phosphorus transferred to glucose. 


Relative activity, P transferred per 
pe 


Myokinase fraction No microgram of protein in 5 min. at 30° 
7 
Original acidified extract , 1.2 
Rie kin aan ‘a : 5.0 
, 9.0 
Ba 4 : ns 16.8 


is suitable for comparison of the activities of various myokinase fractions 
(see Table I). Moreover, it gives an approximate measure of the rate of the 
reaction actually catalyzed by myokinase. As illustrated in Table I], 
when myokinase alone was added to adenosine diphosphate, 1 y of myoki- 
nase per ml. catalyzed the transfer of 24 y of P in 5 minutes at 30°, or ap- 
proximately 5 y of P per minute. This is approximately one-third of the 
amount transferred when equilibrium is reached (cf. Fig. 1). Since the 
reaction is not of zero order throughout the 5 minute period, the above 
value for the rate of phosphate dismutation is a minimum estimate. 

The approximate correspondence between the rate of phosphate transfer 
determined by this direct method and that found by the hexokinase test on 
the same sample of myokinase indicates that the limiting factor in the latter 
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test is probably the rate of the phosphate dismutation rather than the 
phosphorylation of hexose by adenosine triphosphate. 

The pH optimum of myokinase is about 7.5. Myokinase is active with- 
out addition of magnesium salts. However, addition of magnesium always 
increases the activity 30 to 50 per cent, a finding which might indicate that 
the enzyme contains some bound magnesium. 

Purification of Myokinase—Rabbit muscle is extracted twice with 2 vol- 
umes of cold water. The extract is acidified at room temperature with 0.05 


TaBLe II 
Conversion of Adenosine Diphosphate with Myokinase As Sole Catalyst 


Adenosine diphosphate, 1500 y of pentose; magnesium chloride, 0.2 mg.; 
myokinase, second trichloroacetic acid precipitate (Fraction 3), 1 y per ml.; gluta- 
thione, 2 mg. (the latter added to the control); incubation 5 minutes at 30°; at that 
time the substrate was precipitated by barium acetate. 


Barium supernatant 


Pentose — va cant, SAE 
Pentose Phosphorus transterre 
Y | 7 Y 
Control... 174 | 
Myokinase, 1 y per ml.. 295 +121 see | 8 
t 
2 RIUM e—* ATP +AMP 2ADP aang MYOKINASE /m 


*—* 2ZADP-»ATP+AMP — 5yag MYOKINASE Ant 
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volume of 1.0 N hydrochloric acid (thus destroying adenylpyrophosphatase) 
and after neutralization the original myokinase activity is determined (see 
Table I). 

The first purification step consists in heating the acidified muscle ex- 
tract, cooling, neutralizing, filtering, and precipitating with ammonium 
sulfate as described in the preceding paper (5). The heating procedure 
results in a 4-fold increase in activity (see Table I). 

The second step consists in the adsorption of inactive proteins on alumi- 
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num hydroxide. To the solution of the ammonium sulfate precipitate is 
added 1/6 to 1/7 volume of aluminum hydroxide suspension (Willstitter’s 
Cy) (17) and the mixture is allowed to stand about | hour at room tempera- 
ture and then centrifuged; the myokinase remains in the supernatant fluid 
(Fraction 2). This step achieves almost a doubling of the activity per y 
of protein. About 40 per cent of the protein is recovered. 

The third step involves fractionation with trichloroacetic acid. To 10 ml, 
of Fraction 2 is added dropwise 0.25 ml. of 10 per cent trichloroacetic acid 
and the precipitate formed is discarded. ‘To the supernatant fluid is added 
an additional 0.5 ml. of trichloroacetic acid. This precipitate, which con- 
tains most of the myokinase, is suspended in water and neutralized to pH 6 
to bring most of the protein back into solution. ‘The solution is finally 
dialyzed against 2 per cent ammonium sulfate (Fraction 3). All the steps, 
including the centrifugations, must be performed at low temperature. The 
trichloroacetic acid precipitation brings about another doubling of the ae- 
tivity. About 30 per cent of the protein is recovered. 

All three purification steps bring about a 14-fold purification (see Table 


I). 
Enzymatic Action of M yol LHUSE 


Enzymatic Formation of Ammonia from Adenosine Diphosphate in Pres- 
ence of Deaminase and Myokinase——Indication that myokinase converts 
adenosine diphosphate to a different nucleotide is found in the liberation of 
ammonia from adenosine diphosphate in the presence of myokinase and 
deaminase. 

Adenylic acid deaminase, when freed of myokinase, splits ammonia only 
from adenylic acid but not from adenosine di- or triphosphate. The only 
other nucleotide which is known to be deaminated by adenylic acid deami- 
nase is the diadenosine tetraphosphate of WNiessling and Meverhof (18); 
this compound is a dinucleie acid of adenylic acid and adenosine triphos- 
phate. 

The requirement of myokinase for the enzymatic deamination of adeno- 
sine diphosphate is illustrated in Table IIT. 

No ammonia is formed with myokinase or with deaminase separately 
added to adenosine diphosphate but, with both enzymes added, a large 
amount of ammonia is formed. Further information is obtained by separa- 
tion of the nucleotides as barium salts, since adenylic and inosinic acids 
have water-soluble barium salts, whereas adenosine tri- and diphosphate 
have water-insoluble barium salts. The formation of a water-soluble 
barium nucleotide from a water-insoluble one can be followed conveniently 
by pentose determinations. By means of barium fractionation, with subse- 
quent pentose estimations, it is seen that myokinase forms from adenosine 
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diphosphate a nucleotide which has a water-soluble barium salt. Table 
[II summarizes the changes in pentose in the barium supernatant, and the 
amount of ammonia formed when adenosine diphosphate is incubated with 
myokinase or deaminase or with both enzymes. 

Formation of Adenosine Triphosphate from Diphosphate—If myokinase 
converts adenosine diphosphate into adenylic acid (or inosinie acid) and 
adenosine triphosphate, it should be possible to demonstrate formation of 
adenosine triphosphate in the barium precipitate. This is pessible by 
means of the hexokinase reaction. The barium precipitate is converted to 
the sodium salt, and the solution is incubated with hexokinase in the ab- 
sence and in the presence of glucose. Since adenosine diphosphate is not 
utilized by glucose, whereas adenosine triphospHate is utilized (5), the labile 
phosphate fraction decreases when the latter nucleotide is present. The 
difference between the amount of labile phosphate (Pi) — Po) in the absence 


TABLE III 
Formation of Ammonia and of Adenine Nucleotide with Water-Soluble Barium Salt 
from Adenosine Diphosphate Incubated with Myokinase and Deaminase 
Adenosine diphosphate, 300 y of labile P; myokinase, 10 y of protein per ml.; 
incubation, 30 minutes; temperature, 30°. 


Barium = wr t 

Enzymes added Ammonia ppt., decrease oe 7 . 

in pentose -epntens veethons 

phosphorus 

micromoles \ micromoles micromoles 

Deaminase 0 

Myokinase 0 —1.33 +1.64 
Deaminase + myokinase 2.75 —2.80 +2.65 


and in the presence of glucose is a measure of the amount of triphosphoryl- 
ated adenine. 

Equimolar Formation of Adenosine Tri- and Monophosphate—Table IV 
illustrates a typical balance experiment in which the increase in pentose in 
barium supernatant corresponds with the decrease of pentose in the barium 
precipitate. 

The equimolar formation of adenosine tri- and monophosphate from aden- 
osine diphosphate in the presence of myokinase is illustrated in Table V. 
Adenosine triphosphate was estimated in the barium precipitate by the 
hexokinase test and the “triphosphorus”’ found expressed as micromoles in 
order to compare it with the pentose values found in the barium superna- 
tant representing adenylic acid. It appears from Table IV that in the 
presence of 1 y of myokinase per ml. the phosphate dismutation is still a 
very rapid reaction which is completed within 2 minutes. With this ex- 
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tremely pure sample of adenosine diphosphate® about two-thirds of the 
nucleotide is transformed into the two other nucleotides. 

In order to ascertain that muscle adenylic acid is formed in the myokinase 
reaction, an isolation and identification was undertaken of the water- 
soluble barium nucleotide formed when adenosine diphosphate is incubated 
with myokinase. 


TaBLe IV 
Incubation of Adenosine Diphosphate with Myokinase. Equimolar Increase of 
Nucleotide in Barium Supernatant and Decrease of Nucleotide in Barium 
Precipitate 
Adenosine diphosphate, 90 y of labile P or 450 y of pentose; magnesium chloride, 
0.5 mg.; myokinase, 10 y of Fraction 2 + 2 mg. of reduced glutathione (pH 7.5); 
control, 2 mg. of glutathione; volume, 0.6 ml. After a 10 minute incubation at 30°, 
the reaction is stopped by precipitation of adenosine diphosphate with barium at 
pH 8. Myokinase is now added to the control. 


Barium ppt. Barium supernatant 
Pentose Decrease in pentose Pentose Increase in pentose 
Y 7 Y Y 
Control 390 46 
Myokinase 240 —150 210 +164 
TABLE V 


Incubation of Ade nosine Diphosphate with M yokinase Formation of Equimolar 
Amounts of Adenylic Acid and of Adenosine Triphosphate 
Adenosine diphosphate, 200 of labile P or 1000 y of pentose; magnesium chloride, 
0.5 mg.; myokinase, 10 y (Fraction 2) + 2 mg. of glutathione; control, 2 mg. of gluta- 
thione; volume, 0.8 ml. 


Barium ppt, 


Barium supernatant 
adenosine triphosphate we pes 


adenylic acid formed 


Incubation hexokinase test 
Phosphorus Pentose Difference corrected 
min. Y micromoles Y Y micromoles 
Control i 10 0.4 0.01 120 
Myokinase 2 36.0 1.16 270 +176 1.13 
a 10 37.5 1.21 345 +198 1.27 


Adenosine diphosphate corresponding to 200 mg. as barium salt was incu- 
bated for 30 minutes in the absence (Sample 1) and in the presence of myo- 
kinase, 20 mg. of protein (Sample 2). After the incubation, barium acetate 
was added in order to precipitate adenosine di- and triphosphate, and myo- 

*The hexokinase test showed no impurities of adenosine triphosphate. The 
phosphorylase test showed less than 2 per cent adenylic acid. 
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kinase was added to the control sample. To the barium supernatant was 
added an equal volume of alcohol. The alcohol addition resulted in a pre- 
cipitate in Sample 2, whereas Sample 1 did not give any precipitate. The 
precipitate in Sample 2 was washed with 50 per cent alcohol and dissolved 
ina small volume of water. The nucleotide was then precipitated at slight 
Congo red acid reaction with mercuric nitrate (20 per cent in 0.1 N HNQs). 
The mercury precipitate was washed in a large volume of water, suspended 
in a small volume of water, and decomposed with H,S gas. The filtrate 


TABLE VI 
Analysis of Nucleotide 


Phosphorus Total N (micro-Kjeldahl) Pentose 
+ per mil. > per ml, y per ml. 
Inorganic 0 356 (Caleulated from P | 820 (Calculated from P 
Acid-labile (10 min. 11 380 y per ml.) 820 y per ml.) 
hydrolysis) 
Total 170 


Taste VII 
Formation of Adenosine Diphosphate from Adenosine Triphosphate and Adenylic Acid 
in Presence of Myokinase 
Adenosine triphosphate, 5807 of pentose; adenylic acid, 580 y of pentose; magne- 
sium chloride, 0.5 mg.; myokinase (Fraction 2), 10 y containing 2 mg. of gluta- 
thione; control, glutathione, 2 mg.; incubation, 15 minutes at 30°; reaction stopped 


with barium acetate; volume, 0.7 ml. 


Barium ppt., disappearance of Barium supernatant, _ 
adenosine triphosphate (hexokinase test disappearance of adeny!tic acid 
P? (termina! P Difference, P Pentose Difference, pentose 
Y micromole Y micromole 
Control 96 575 
Myokinase 68 0.91 420 0.98 


and the washings were aerated and the nucleotide crystallized at 0° by 
addition of an equal volume of alcohol. A solution of this precipitate was 
analyzed (Table VI). Amino N liberated after incubation (60 minutes) 
with Schmidt’s deaminase (free of myokinase) amounted to 60 y of N per 
ml.; which is 80 per cent of the value calculated from the total phosphorus. 

Reversiiility--The reverse reaction, formation of adenosine diphosphate 
from tri- and monophosphate, is illustrated in Table VII. The tri- and 
monophosphonucleosides used in this experiment contain the same amount 


»99 


of pentose. The disappearance of ‘‘triphosphorus”’ was estimated by the 
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hexokinase test and, when expressed as micromoles, is shown to correspond 
to the disappearance of adenylic acid. Between 25 and 30 per cent of each 
of the nucleotides was converted into adenosine diphosphate. Since as 
much as two-thirds of the adenosine diphosphate (separated as completely 
as possible from impurities of tri- and monophosphate) can be converted 
into tri- and monophosphonucleosides, the reaction, 


2 adenosine diphosphate — 1 adenosine triphosphate + 1 adenylie acid 


is a simple equilibrium (cf. Fig. 1). 

The results of equilibrium studies performed with the most purified com- 
pounds (see methods concerning complete separation of the different phos- 
phorylated steps) are the following: 


Equilibriun Per cent converted 


55 (cf. Fig. 1) 
67 (‘* Table V) 
ATP + AMP = 2 ADP 28 ( ‘ «6 6VII 


2 ADP = ATP + AMP 


A time curve of the equilibrium is presented in Fig. 1. 


SUMMARY 


Mvokinase, an acid-stable protein occurring in skeletal muscle, has been 
purified mainly by fractionating with strong acids. 

Mvyokinase is an enzyme which catalyzes the transfer of labile phosphate 
from 1 molecule of adenosine d7phosphate to another vielding adenosine 
triphosphate and adenylie acid, according to the equation: 


2 adenosine diphosphat« | adenosine (riphosphate + | adenylic acid (adenosine 


monophosphate 
This new type of reaction, which may be called “phosphate dismutation,” 
is a simple equilibrium; approximately 60 per cent of adenosine diphosphate 
is converted into the two nucleotides. 

The activation of hexose phosphorylation by myokinase in a system with 
veast hexokinase as catalyst and adenosine diphosphate as the phosphate 
source is attributed to the transformation, through a phosphate dismuta- 
tion of the diphosphonucleoside, into adenosine triphosphate, which is the 


phosphate donor proper. 


It is a pleasure to thank Professor C. F. Cori for his continued interest in 


this work. 
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HEXOSEDIPHOSPHATASE* 


By G. GOMORI 
(From the Department of Medicine of the University of Chicago, Chicago) 
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Although the term hexosediphosphatase occurs in several publications 
dealing with the phosphatase problem, there is no report in the literature 
on the isolation or even on the sufficient characterization of an enzyme 
with a substrate specificity implied in the term. In fact, all the data 
available are rather vague. Forrai (1) states that glycerophosphatase, 
fructosediphosphatase, and saccharosephosphatase are three different 
enzymes. Heymann (2) asserts that the kidneys of rachitic rats contain 
more hexosediphosphatase than do those of normal animals. Kay (3) 
finds that the splitting by blood plasma of hexose diphosphate, unlike that 
of other substrates, is not stimulated by magnesium salts. Morii (4) pre- 
pared an active extract of beef kidneys by dialysis and subsequent alcohol 
precipitation. This extract did not attack glycerophosphate but. split 
sugar phosphates readily. Folley and Kay (5), in a foot-note of their ex- 
tensive review on phosphatases, say that while both glycerophosphatase 
and hexosediphosphatase occur abundantly in the intestinal mucosa, muscle 
and liver are poor in glycerophosphatase and rich in hexosediphosphatase. 
On the other hand, there are some data pointing to the non-existence of 
a specific hexosediphosphatase. Hommerberg (6) and Waldschmidt-Leitz 
and Kohler (7) think that there is no specificity within the group of alka- 
line phosphatases. Oppenheimer (8) states that, whereas in the beginning 
each and every phosphoric ester was believed to have its own specific 
enzyme, at present there is a unifying tendency. An intermediate position 
is taken by Kay (9) who declares that, although most, if not all, of the 
phosphoric esters are hydrolyzed by the same enzyme, it is conceivable that 
hexose diphosphate may be hydrolyzed by enzymes whose primary func- 
tion is to break down hexose, and phosphate is liberated as a by-product. 

In the course of experiments carried out in an attempt to elucidate the 
mechanism of magnesium activation of phosphatase, it was found that 
organ extracts prepared in a certain way showed an extremely high activa- 
tion by magnesium if hexose diphosphate was used as a substrate, whereas 
the activation was in the usual range if the substrate was glycerophosphate. 
Attempts at isolation of this highly activatable enzyme resulted in extracts 
which showed a high splitting power toward hexose diphosphate but prac- 
tically none toward glycerophosphate and phenyl phosphate. 

* This work has been done under a grant from the Douglas Smith Foundation for 
Medical Research of the University of Chicago. 


139 








140 HEXOSEDIPHOSPHATASE 


EXPERIMENTAL 


The substrates used were: 

1. Na 6-glycerophosphate of Eastman. This substance was found to be 
sufficiently pure and was used without any further purification. 

2. Na pheny! phosphate of P. Lewis, Milwaukee, Wisconsin. This sub- 
stance was found to contain a high (up to 6 per cent) percentage of free 
phosphate. It was purified by adding to a 2.0 per cent solution of it a 0.2 
solution of CaCl in a slight excess in relation to the free phosphate and by 
adjusting the pH of the solution to 9. After the mixture had stood 24 
hours in the ice box, the precipitate was centrifuged off and the Ca content 
of the solution determined by the Clark-Collip (10) modification of the 
Kramer-Tisdall method. Sufficient sodium oxalate was now added to re- 
move all Ca. After the product stood 24 hours in the ice box, the precipitate 
was again centrifuged off, and the liquid was analyzed for both free phos- 
phate, by the author’s method (11), and Ca content. The free phosphorus 
level was always well below 0.01 mg. per cc., and Ca could not be dem- 
onstrated in 2 ec. of the solution. 1 cc. samples of the fluid were digested 
with a mixture of sulfuric acid and hydrogen peroxide, and the total P was 
determined in them. The solution was finally diluted to exactly 0.05 m in 
respect to P, a few drops of a chloroform-toluene mixture were added, and 
the solution was preserved in the ice box. 

3. Hexose diphosphate. Two different brands were used: candiolin of 
the Winthrop Chemical Company, Inc., and calcium hexose diphosphate 
of the Schwarz Laboratories, Inc., New York. Both were found to contain 
large amounts of free phosphate of which they were freed by essentially the 
same procedure as outlined under phenyl phosphate. Saturated aqueous 
solutions were adjusted to pH 9; the precipitate was centrifuged off; to 
the supernatant fluid sufficient oxalate was added to remove all Ca; the 
filtered solution which was of the same degree of purity in respect to free 
phosphate and Ca as the phenyl phosphate (data given in the preceding 
paragraph) was diluted to exactly 0.02 m and kept in the ice box with a 
few drops.of chloroform-toluene mixture added. Candiolin and hexose 
diphosphate were found to be indistinguishable in the experiments to be 
described. 

No Mg was found in 2 cc. samples of the substrates, according to the 
method of Denis (12). 

For use in these experiments the substrates were diluted with a 0.05 
mM barbital-HCl buffer of pH 9.1, the final concentration of the substrate 
being 0.005 mM. Mg was added in the form of a 0.5 m solution of MgSO,, 
and its final concentration in the mixture was 0.01 M. This type of buffered 
substrate solution with Mg added was used in all experiments unless 


otherwise specified. 











th 
til 


en 
ph 
ph 


qu 
wi 
alt 
su 
in 


wa 
na 


Wi 
tot 


to 


tri 
tri 











G. GOMORI 141 


Organ extracts were prepared in three different ways. 

Method 1—-Fresh organs or tissues (kidneys, livers, adrenals and intes- 
tinal mucosa of various species, and three human osteogenic sarcomas) 
were minced and ground with quartz sand. They were subsequently ex- 
tracted in the ice box with 4 parts of distilled water and a few drops of 
toluene. After 3 days the extract was centrifuged and the sediment dis- 
earded. To the supernatant liquid an equal volume of 95 per cent alcohol 
was added, and, after the mixture had stood 24 hours in the ice box, the pre- 
cipitate was centrifuged off and discarded. To the supernatant fluid again 
an equal volume of 95 per cent alcohol was added. After this had stood 
24 hours in the ice box the precipitate was centrifuged off, washed with 
absolute alcohol and ether, and dissolved in normal saline. Solution was 
usually complete in about 24 hours at ice box temperature, and the liquid 
was almost clear. It was further purified by dialyzing it in a Visking casing 
against ice-cold distilled water for 48 hours. Following this the solution 
was cleared by centrifugation and made up to the original volume with 
distilled water. 

Method 2— According to Albers and Albers (13), with the exception that 
the purified enzyme was not stored in the dry state but dissolved in dis- 
tilled water and dialyzed. 

Method 3—This method was found after many trials and errors consist- 
ently to yield extracts with very little activity toward both glycerophos- 
phate and phenyl phosphate but with a high activity toward hexose di- 
phosphate. 

Fresh kidneys or livers of various species were minced and ground with 
quartz sand. They were subsequently extracted at ice box temperature 
with 4 parts of 0.05 m lactate buffer of pH 3.5. After 3 days the yellowish, 
almost clear supernatant fluid was further cleared by centrifugation and 
subsequently incubated at 37° for 6 hours. Following this it was dialyzed 
ina Visking casing against repeated changes of ice-cold distilled water for 
3days. During dialysis a brownish, flocculent precipitate appeared which 
was centrifuged off and discarded. The crystal-clear, pale amber super- 
natant liquid was used for the experiments. 

All the enzyme extracts described above remained stable in the ice box, 
with a few drops of toluene added. 

Some properties common to all the extracts mentioned are the following: 
total N per ce., as determined by the Koch-McMeekin (14) method, 0.08 
to 0.2 mg.; free P, less than 0.015 mg. per ec.; Mg, less than 0.008 mg. per 
ce.; activity, 10 to 24 units (to be defined later) per mg. of total N. 

Phosphatase activity of the extracts was determined on duplicate or 
triplicate samples by the following adaptation of the author’s photoelec- 
tric, colorimetric method for phosphorus (11). 
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To 10 ec. of the buffered substrate, preheated to 37°, add 0.2 cc. of en- 
zyme solution. To the controls add 2 cc. of N sulfuric acid immediately, 
Incubate the other tubes for 1 hour at 37°. At the end of 1 hour remove 
the tubes from the incubator; add 2 ec. of N sulfuric acid to each tube, 
Add 2 ec. of the molybdate-sulfuric acid reagent and 1 ec. of the elon rea- 
gent (or, in the higher ranges of P, multiples of these amounts), as specified 
in the original paper, to each tube. Owing to the very low protein content 
of the enzyme solutions used, no turbidity was obtained after the addition 
of the reagents. Invert the tubes once. Obtain colorimetric readings in 
from 60 to 90 minutes. Deduct the control values from those of the ineu- 
bated samples. Multiply the difference by 5. 

The resulting value expressed in mg. represents the activity of the extract 
in units per cc. As Mg greatly activates alkaline phosphatases even in 
very low concentrations, and the degree of activation depends, especially 
in the low ranges of concentration, on the amount of Mg present, it was 
found desirable to express the activity of all extracts at the optimum Mg 
concentration in order to present comparable data. This optimum Mg 
concentration is, according to Jenner and Kay (15), around 0.01 M, or as 
is often expressed, around gMg 2. 

In the succeeding discussion, therefore, | unit of alkaline phosphatase 
activity will denote the amount of enzyme capable of liberating 1 mg. of 
P in the form of inorganic phosphate in 1 hour at 37° and at pH 9.1, in the 
presence of 0.01 m MgSQ,. It is important to specify the substrate in 
every case, since different substrates may be split at different rates even 
by the same enzyme. This definition of the unit of phosphatase activity 
is similar to that of Bodansky (16) and of Levene and Dillon (17), except 
for the specification in respect to Mg. It seems unnecessary to limit split- 
ting to 20 per cent, since according to Erdtman (18) hydrolysis proceeds 
in a linear manner well beyond 50 per cent if Mg is present. This could be 
verified in our experiments. 

Observations 

Extracts prepared according to Methods 1 and 2 behaved in a very simi- 
lar manner, regardless of the organ from which they were extracted. The 
three substrates were hydrolyzed at rates not very different from each 
other, and the pattern of relative rates was closely similar with all extracts. 
Hexose diphosphate and phenyl phosphate showed slightly higher rates of 
hydrolysis than 8-glycerophosphate, the rate hexose diphosphate-pheny] 
phosphate-glycerophosphate being approximately 1.15:1.4:1.0. An ocea- 
sional extract hydrolyzed phenyl phosphate almost 3 times as fast as glye- 
erophosphate. Roche and Latreille’s (19) contention that phenyl phos- 
phate is split much less readily than glycerophosphate by extracts prepared 
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according to Albers and Albers could not be verified. The factor of Mg 
activation, (activity in presence of Mg)/(activity in absence of Mg), was 
around 3 in the case of glycerophosphate, 2 or less in the case of phenyl 
phosphate, and about 1.5 in the case of hexose diphosphate. Non-dialyzed 
enzyme solutions were found, in agreement with Jenner and Kay, to be 
much less activated by Mg, the corresponding factors of activation being 
around 1.7, 1.4, and 1.0, respectively. Fluoride at a concentration of 
0.01 m caused no appreciable inhibition, while cyanide at the same con- 
centration caused an inhibition exceeding 90 per cent. These data are in 
good agreement with known facts about the properties of alkaline phos- 
phomonoesterase (Asakawa (20), Hommerberg, Jenner and Kay, Auhagen 
and Grzycky (21), Cloetens (22, 23), and others). 


TABLE I 
Splitting of Hexose Diphosphate by Non-Specific Phosphatase 
All extracts were prepared according to the method of Albers and Albers. Ex- 
tract A, extract of dog kidney; Extract B, extract of dog intestine; Extract C, 
extract of human osteogenic sarcoma. Hexose diphosphate, 0.0025 m, 100 cc.; 
MgSO,, 0.5 m, 2 cc.; enzyme solution, 2 cc.; pH 9.1; temperature, 37°. 10 ce. 
samples were removed at the times specified. Total P in a 10 ce. sample, 770 y. 


Phosphorus, micrograms 


Extract é 
1 hr. 2 hrs 3hrs.  4hrs. Shrs. 6hrs. | 7hrs. | Shrs. | 9hrs. | 10hrs. | 12 hrs. 


A 115 215 290 355 405 450 492 523 545 570 602 
B 186 313 425 495 546 586 612 630 652 667 | 680 
c 246 451 633 730 755 761 756 


In addition, it was found that both PO, groups of hexose diphosphate are 
removed readily by all these enzymes, as shown in Table I. There was no 
indication that the second group is hydrolyzed at a slower rate than the 
first one, beyond the reduction in rate due to the continuous inactivation 
of the enzyme during hydrolysis, provided the concentration of the sub- 
strate did not sink below 0.0005 m. 

These findings are essentially the same as those of Kay and Robison (24) 
on bone. 

On the other hand, extracts prepared by Method 3 mentioned showed a 
strikingly different behavior in respect to both substrate specificity and to 
activation by Mg. 

In the absence of Mg, all of the three substrates were hydrolyzed very 
slowly. In the presence of 0.01 m Mg, the hydrolysis of phenyl phosphate 
was accelerated about 1.5 times, that of 8-glycerophosphate about 4 times, 
and that of hexose diphosphate from 80 to 100 times. The results of a 
typical experiment with this type of extract are given in Table II. A de- 
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parture from the routine of taking 0.2 cc. of enzyme for determinations of 
activity was necessary, because with this amount of enzyme the readings 
in the first five instances (8-glycerophosphate and phenyl phosphate both 
with and without Mg; hexose diphosphate without Mg) after incubation 
were so close to those of the unincubated controls as to be within the limits 
of experimental error. 

Nine different extracts were prepared so far (two from dog kidneys, two 
from dog liver, one each from guinea pig kidneys, guinea pig liver, rabbit 
kidneys, rat liver, and human kidneys), all of which showed practically 
identical features. 

After the presence in these extracts of an enzyme, different from the well 
known alkaline phosphatase, seemed to be well established, further experi- 
ments were carried out in an effort to characterize the new enzyme as 


TaBe II 
Splitting of Various Substrates by Acid Autolysale of Dog Kidney 


The enzyme solution in all cases except as indicated was 1.0 cc. 


Phosphorus 


No Mg qMg 2 
Y 
8-Glycerophosphate 6.5 23.5 
Phenyl phosphate 15 22.5 
Hexose diphosphate 7.5 160* 


* 0.2 ec. enzyme solution 


exactly as possible. In the following paragraphs the new enzyme will be 
referred to as hexosediphosphatase. 
Properties of Enzyme 

Occurrence—There seems to be no correlation between non-specific alka- 
line phosphatase and hexosediphosphatase activity of the tissues. For 
instance, intestinal mucosa of all species, placenta of the guinea pig, and 
human osteogenic sarcomas have a very high non-specific phosphatase 
activity (25 to 55 units per gm. of tissue) but contain no hexosediphospha- 
tase. Kidneys and livers of man, the dog, guinea pig, rabbit, rat, and mouse 
contain both enzymes. Kidney was found to contain an average of 6 to 9 
units of non-specific phosphatase and 3 to 7 units of hexosediphosphatase 
per gm. of tissue, while the corresponding values for liver are 0.5 to 0.8 unit 
and 3 to 4 units, respectively. Muscle, although known to contain an 
enzyme or enzymes capable of hydrolyzing hexose diphosphate (25), con- 
tains only traces of hexosediphosphatase, the largest amount found being 
0.25 unit per gm. of tissue (rat muscle). 
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Inactivation of Hexosediphosphatase-—The enzyme is promptly and irre- 
versibly inactivated by alcohol or acetone precipitation; neither the filtrate 
nor the precipitate possesses more than 3 to 5 per cent of the original activ- 
ity of the extract. This is in sharp contrast to the high resistance of non- 
specific phosphatase to alcohol. Cloetens’ alkaline phosphatase I (22, 
23), which in many respects bears a marked similarity to hexosediphospha- 
tase, can be purified by repeated acetone precipitations. On the other 
hand, hexosediphosphatase is far more resistant to acids than is non-specific 
phosphatase. It will tolerate incubation at 37° in a medium of pH 3.4 
for 6 hours without much loss in activity, whereas non-specific phosphatase 
is completely destroyed under such conditions. 

Factors Influencing Hexosediphosphatase Activity. Substrate Specificity— 
Glycerophosphate, phenyl phosphate, pyrophosphate, and metaphosphate 
are not attacked to any appreciable degree. The only substrate readily 
split was found to be hexose diphosphate. Other sugar phosphates were 


not tested. 


Tape III 
Effect of Mg on Hexosediphosphatase Activity 


Hexose diphosphate, 0.005 m, 10 ce.; enzyme, from gMg ~ to qMg 3.5, 1.0 ec.; from 
qMg 3.5 togMg1,0.2ec. All phosphorus values are calculated for 1.0 ec. of enzyme. 





qgMg (= negative loga- | ie | 
rithm of molarity) 2 | §.0 4.5) 4.0) 3.5) 3.C | 2.5) 2. , 1. 5| 1.9 
P, 4.5.6.5 10 | 16 | 35 | 82. [180 365 | 1425 383 


Dependence of Hexosediphosphatase Activity on pH—-This relation is 
shown in the following tabulation. 


9.7; 10.0 


| ! 
pH 4.5 5.5|65')7.0| 7.5) 8.0) 8.5 8.8 9.1) 9.4 
7 111 |109 


P, ¥ 0 0 0 0 0 r 1 45 | 92 |105 








It can be seen that the enzyme has a rather sharp optimum around pH 
9.7 and that under the conditions of this experiment it is completely inac- 
tive in the physiological range. 

Optimum Temperature of Enzyme—For lack of an adjustable constant 
temperature water bath this could not be determined. 

Activating Effect of Mg—This is given in Table III. As shown, hexose- 
diphosphatase is very little active in the absence of Mg. 

Effect of Cyanide and Fluoride—These substances, having been found by 
Cloetens (23) to influence alkaline phosphatases very markedly, were 
tested for their effect on hexosediphosphatase. Cyanide is an activator 
of hexosediphosphatase. At a concentration of 0.01 mM and at pH 8.5 the 
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activation factor is around 2.3; at pH 9.1 around 2; at pH 9.3 around 1.5, 
Fluoride is an inhibitor. At a concentration of 0.01 m and at pH 8.5 the 
activation factor is around 0.15, at pH 9.1 around 0.3, and at pH 9.3 
around 0.4. 

Phlorhizin up to concentrations of 0.01 m has no effect. 

Kinetics of Hexosediphosphatase. Effect of Concentration of Enzyme— 
There is a linear relationship between the amount of enzyme and the rate 
of hydrolysis. This is shown in the following tabulation. 


Dilution of enzyme.... Straight 1:2 1:4 1:8 1:16 
ae 122 63 32 14 8.5 


Effect of Concentration of Substrate—The optimum concentration of the 
substrate is around 0.004 m. The effect of the substrate concentration on 
the rate of hydrolysis is shown in the following tabulation. 


q substrate (= negative logarithm of 
molarity) 1.7 2.0 2.4 3.0 3.3 3.6 
P, 101 104 117 104 67 49 


Course of Hydrolysis in Time—lIf the amount of the enzyme is so 
chosen as to exhaust the substrate in a few hours, hydrolysis shows an 
almost exactly linear trend until one PO, group is completely hydrolyzed, 
without any indication of inhibition by the phosphate liberated. Hydroly- 
sis does not progress beyond this point. If, however, the substrate is 
present in a large excess in relation to the amount of the enzyme, the rate 
of hydrolysis shows a steady decline, obviously through inactivation of 
the enzyme. It can be assumed that the enzyme is inactivated according 
to the pattern of a regular die-away curve, with an inactivation fraction 
(A) of 0.05 per hour. The actual experimental values are in excellent agree- 
ment with the values calculated on this basis (Table IV). The theoretical 
values were obtained-from the formula 


in which P, stands for the total amount of phosphorus split off by the end 
of t hours, and P, for the amount of phosphorus split off by the end of 1 
hour. This equation is derived from the more general form 


t 
s x . 
r= [ ze *' dt = — (1 — e *') 
0 K 


in which z is the initial concentration of the enzyme and K the reaction 
. . . . . K . 
constant of inactivation, by substituting e ~ = 1 — A and (#/K)A = P,. 
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This transformation was found to be convenient because both P, and P, 
can be determined directly. 

The effect of fluoride consists in lowering the initial rate without affect- 
ing the inactivation constant. 

The effect of cyanide is a very curious one. The initial rate is greatly 
increased, while the inactivation constant is uninfluenced. However, in 
the presence of cyanide, hydrolysis does not proceed as far as in its absence 
but stops abruptly after about 60 per cent of the substrate is half-way 
hydrolyzed. No explanation can be given for this at present. 


TaBLe IV 

Kinetics of Hexosediphosphatase 
Hexose diphosphate, 0.005 m, 200 cc.; MgSO,, 0.5 M, 4 ec.;enzyme,0.5 cc. 10 ce. 
samples were removed at the times specified. 








Hrs. a 2 4 | 8 | 2] a 48 | 72 | 96 

Steud ¢....... | 13) 2 | 50 | 85 | us| 185 | 230 | 241 | 249 

“ calculated (A = 0.05 

per hr.), y....... 13 | 25 | 48 | 87 | 118 | 182 | 235 | 250 | 255 
TABLE V 


Activity of Enzyme Miztures in Absence and Presence of Cyanide and Fluoride 
1:2 dilutions of the following extracts: W = dog intestine extract (Albers and 
Albers); Q = hexosediphosphatase from dog kidney. 


Phosphorus, micrograms 








. W 0.2cc.+ | W04cc.+ WO02cc.+ 
W 0.2 ce. Q 0.2 cc. 00.2 cc. 00.2 ce. 00.4 ce. 





Plain substrate. ... ad enged 90 56 | 152 | 227 | 196 


gCN 2... : 3 117 126 130 | 227 
qF2..... | ~ | 92 20 107 205 | Ml 





Simultaneous Determination of Non-Specific Phosphatase and of Hexose- 
diphosphatase in Same Sample—As mentioned, fluoride at the concentration 
of 0.01 m has no effect on non-specific phosphatase but inhibits hexosedi- 
phosphatase to about 70 per cent; and cyanide, at the same concentration, 
inhibits non-specific phosphatase to about 95 per cent but activates hexose- 
diphosphatase to about 100 per cent. These facts, together with the 
observation that in the presence of both enzymes the combined rate of hy- 
drolysis is the sum of the individual rates, make the simultaneous determi- 
nation of both enzymes in the same sample possible. Table V shows the 
activity of such a mixture of the two enzymes without any addition and in 
the presence of 0.01 m cyanide and fluoride, respectively. 
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On the basis of these data the two enzymes can be determined simul- 
taneously by first determining their combined activity on plain hexose 
diphosphate with Mg, then on the same substrate containing 0.01 m cyanide 
(the pH of the cyanide solution must be adjusted to that of the substrate), 
and the result can be checked by determining the activity in the presence 
of 0.01 m fluoride. If activity on the plain substrate is denoted by A, 
that in the presence of cyanide by B, and that in the presence of fluoride by 
C’, the following equations will hold: A = non-specific phosphatase + 
hexosediphosphatase, B = 0.05 X non-specific phosphatase + 2 X hexose- 
diphosphatase, C = non-specific phosphatase + 0.3 X_ hexosediphos- 
phatase. Hence non-specific phosphatase = (2A — B)/1.95 or (C — 
0.34A)/0.7 and hexosediphosphatase = (20B — A)/39 or (A — €)/0.7. 

On the basis of such calculations Cloetens’ enzyme (22) would probably 
be included under hexosediphosphatase. 

The two enzymes were determined in a number of crude extracts, and 
good checks were obtained. 


Comment 


On the basis of the aforementioned data there can be little doubt that 
hexosediphosphatase is distinctly different from the well known alkaline 
enzyme. Although fresh saline extracts of muscle hydrolyze one PO, 
group of hexose diphosphate very readily (25), and this hydrolysis is in- 
hibited by fluoride, the fact that practically no hexosediphosphatase could 
be recovered from muscle tissue, together with the contrast between the 
marked instability of the muscle enzyme and the excellent stability of 
hexosediphosphatase, seems to be sufficient evidence for the non-identity 
of the two enzymes. Cloetens’ alkaline phosphatase I shows a striking 
similarity to hexosediphosphatase in three respects: first, it is practically 
inactive in the absence of Mg; second, it is highly resistant to low pH; 
third, it is inhibited by fluoride and not affected by cyanide. On the other 
hand, it is different from hexosediphosphatase in the following respects: 
it can be purified by repeated acetone precipitations; it attacks glycerophos- 
phate very readily; it is far more rapidly inactivated during hydrolysis 
(26) than hexosediphosphatase. In conclusion, hexosediphosphatase 
seems to be an enzyme distinctly different from all known members of the 
alkaline phosphatase group. 


SUMMARY 


Kidney and liver tissues contain an alkaline phosphatase with a strict 
substrate specificity for hexose diphosphate. It is inactive in the absence 
of Mg. It is activated by cyanide and inhibited by fluoride. 
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During the course of an investigation of the suitability of various simple 
media for the production of nicotinamide-deficient dysentery bacilli, it was 
observed that the strains of Bacterium dysenteriae, Schmitz, Sonne, and 
Flexner, thus far tested, all of which had been found to require nicotinamide 
as an essential growth factor, grew moderately well in the absence of this 
compound on a medium containing asparagine and glutamic acid. Further 
study disclosed that it was necessary to heat these two amino acids together 
in neutral solution for at least 24 hours to obtain maximal growth in the 
absence of nicotinamide; if they were heated separately before being added 
to the medium, little or no growth occurred. Since relatively high con- 
centrations of asparagine and glutamic acid were required to replace nico- 
tinamide, it was essential to demonstrate that the phenomenon was not 
due to traces of some other substance in one or both of the natural com- 
pounds used. Therefore, the experiments were repeated with entirely 
synthetic glutamic acid and asparagine. The same results were obtained. 
Furthermore, active mixtures have been tested for their ability to support 
the growth of other microorganisms known to require nicotinamide; 
namely, Staphylococcus aureus and Lactobacillus arabinosus (1, 2). In 
each case it has been possible to replace nicotinamide completely by a 
heated mixture of asparagine and glutamic acid. 


EXPERIMENTAL 


Media 


The asparagine-cystine-tryptophane medium described by Dorfman 
et al. (3), which will be referred to as 8. A., was used for the dysentery 
strains. It was made up in a concentration 1} times the final strength, 
autoclaved, and after addition of sufficient 20 per cent glucose to bring 
the final concentration to 1 per cent, was dispensed in 6.6 ml. amounts. 
The volume in each tube was brought up to 10 ml. by the addition of water 
or the solution to be tested. In some instances, a similar medium, with 
the asparagine omitted, designated S. O., was employed for testing solu- 
tions that provided an adequate source of nitrogen. 
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The staphylococci were grown on a charcoal-treated casein hydrolysate, 
supplemented with salts, tryptophane, cystine, thiamine, and glucose (4, 
5). This was made up in twice the final strength, dispensed, after auto- 
claving, in 5 ml. quantities, and diluted to 10 ml. as with medium S. A. 

The medium for Lactobacillus arabinosus was prepared as described by 
Snell and Wright (2) and modified by Isbell (6), but dispensed after auto- 
claving as with the other media. 


TABLE | 
Replacement of Nicotinamide As Growth Factor for Various Strains of Bacteria by 


Heated Asparagine-Glutamate Mixture 


Colorimeter readings 


Medium with Medium 
Strain Strain No k , nicotinamide with heated 
motive asparagine- 
1.64 X 1.64 X glutamate, 
wim 10°* wi 0.0008 m 
Bacterium dysenteriae Flexner 32 0 125 117 
wig ” “3 38401 2 116 116 
38376 0 4 118 120 
ze Sonne 231 | 104 102 120 
site - is 329 } 92 9] 100 
Schmitz 3822 2 108 106 128 
Staphylococcus aureus 39295 2 165 210 205 
‘“ 7 10860 1] 182 209 190 
- albus 3895 3 105 200 157 
ml. 0.1 ” mi. 0 ml. 0.1 
vy NaOH v VaOH vy VeOH vy VaOH 
Lactobacillus arabinosus* $239 0.60 5.34 6.79 6.73 


* American Type Culture Collection No. 8014. 


Assays 


In the assays for nicotinamide substitutes with staphylococci or Bae- 
terium dysenteriae, a 16 to 24 hour beef infusion broth culture of the micro- 
organism was used to prepare the inoculum. ‘The bacteria were centri- 
fuged, washed twice with isotonic saline, resuspended in a volume of saline 
equal to that of the broth culture, and diluted 1: 100; 0.2 ml. of this dilution 
was added to 10 ml. of test medium. Immediately before inoculation, 
0.1 ml. of a 0.5 per cent solution of thioglycolic acid was added to each tube. 
The cultures were incubated for 2 days at 35°. 5 ml. of each were trans- 
ferred to standard bore test-tubes, and the extent of growth estimated 
turbidimetrically in a Klett-Summerson photoelectric colorimeter. For 
the dysentery bacilli a blue filter (No. 42, maximum transmission at 430 my) 
was used; for the staphylococci a red filter (No. 66, maximum transmission 
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TABLE II 


Growth of Two Strains of Bacterium dysenteriae 


Basal 
medium 


Added substances | 


| M 
Nicotinamide 0 | 
4.1 X 10°% 
1.6 X 10°77 
'1.6 K 10° 
| 
/-Asparagine and /-glutamate, mixed | 0.02 
after heating each 24 hrs.* 
/-Asparagine and /-glutamate, heated| 0.0068 
together 48 hrs.* 0.002 
0.00068 
dl-Asparagine and_  dl-glutamate, | 0.02 
mixed after heating each 48 hrs.* 
dl-Asparagine and_ dil-gluitamate, | 0.0068 
heated together 48 hrs.* 0.002 
0.00068 
Nicotinamide 0 
4.1 X 1075 
1.6 X 10-7 
1.6 K 10°° 
Glutamic acid, autoclaved in medi- | 0 
um, 4 gm. per liter, + nicotinamide | 4.1 XK 10™% 
1.6 X 10-7 
dl-Asparagine and _ dil-glutamate, 0.02 
heated together 24 hrs.t 
/-Asparagine and /-glutamate, heated 0.02 
together 24 hrs., at pH 6.8t 
Same at pH 9.1f 0.02 
ss 4.4F 0.02 
Oe: ee 0.02 
/-Asparagine and l-aspartate, heated 0.02 
together 24 hrs.t 
/-Glutamate and l-aspartate, heated 0.02 
together 24 hrs.t 
/-Asparagine and l-glycine, heated 0.02 


together 24 hrs.f 
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in medium 


Except where otherwise noted, the mixtures were heated at pH 6.5 to 6.8. 
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TaBLe II—Concluded 


Ex- . 
, . . . Color- : 
peri- | Strain | Basal ‘ : Concentration! ~~" Final 
ment | No. | medium Added substances in medium wen oad pH 

No. reading 

31 329 | S. A. | l-Glutamate and l-glycine, heated | 0.02 32 | 6.8 
together 24 hrs.f 

32 329 si l-Asparagine, heated 24 hrs.t 0.02 26 | 6.8 

33 329 a: l-Glutamate, =" F 0.02 30 6.8 

34 329 " Glutamine and aspartic acid, filtered 0.02 64 6.8 

35 | 3822 o ~ filtered 0.02 56 | 6.7 

36 | 3822 " ” heated 24 hrs.t 0.0068 111 5.0 

37 | 3822 " l-Asparagine and pyrrolidonecarbox- 0.02 58 6.8 
vlic acid, heated together 48 hrs.* 

38 | 3822 - dl-Glutamate and dl-isoasparagine, 0.02 9 6.0 
heated together 48 hrs.* 0.0068 54 6.6 

39 | 3822 8.0 dl-Glutamate and acetamide, heated 0.02 2 7.0 

3822 | S. A together 48 hrs.* 0.02 30 6.7 


The affix l- is used to denote amino acids from natural sources and dl- the synthetie 
compounds. 

* The asparagine-glutamate solution contained 7 X 1075 Mm FeSO, 
+ The tube containing the asparagine-glutamate solution was closed with a cotton 


plug during the heating period. 


at 660 mu) was used to reduce the high blank reading due to the vellow 
color of the medium itself. Table I records the observed readings, cor- 
rected for that obtained with the medium alone. Previously it had been 
determined by plate counts that these readings were directly proportional 
to the amount of growth. Since growth of any one strain in the presence 
of given amounts of nicotinamide, as estimated turbidimetrically, varied 
in different media, whereas acid production from glucose was a more nearly 
constant function of the nicotinamide concentration regardless of the 
medium (Table II, Experiments 21 and 22), colorimetric determinations of 
the final pH were also made. 

The assays with Lactobacillus arabinosus were carried out as described by 
Snell and Wright (2). The acid formed after 72 hours of growth was 
determined by titration to phenol red with 0.1 nN NaOH. 


Preparation of Nicotinamide Substitute from Asparagine and Glutamic Acid 


A solution of equimolar quantities of asparagine and glutamic acid, 
generally 50 mg. per ml., was neutralized to brom-thymol blue in a gradu- 
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ated centrifuge tube and heated for 24 hours or longer at 100°; the water 
lost during the prolonged heating was replaced at intervals and at the end 
of the heating period the solution was restored to its original volume with 
sterile distilled water. At this time the solution was always sterile, but if 
for any reason further sterilization becomes necessary autoclaving does not 
alter its activity. Suitable dilutions were made for testing. Glutamic 
acid or asparagine alone in the same concentration was similarly treated 
for control experiments. Later work showed that iron salts catalyze the 
reaction and therefore in some instances 7 X 10-5 m FeSO, was added 
before heating. When the tubes were closed with cotton plugs, as in the 
earlier experiments, addition of iron was unnecessary, probably because of 
the extraction of traces of iron from the cotton. 


Preparation of Chemicals 


A commercial sample of natural asparagine twice recrystallized from 
water was employed. Natural glutamic acid was treated with charcoal 
and twice crystallized as the hydrochloride. 

Synthetic asparagine was prepared by two methods. 

Method 1—This method followed the general procedure of Bergmann and 
Zervas (7, 8), starting from synthetic dl-aspartic acid, but with the toluene- 
sulfonyl derivative in place of the carbobenzoxy derivative. 

p-Toluenesulfonylaspartic Acid—A solution of 17 gm. of dl-aspartice acid 
in 2 equivalents of 4 N NaOH and an equal volume of water was shaken 
with a solution of 48.7 gm. of p-toluenesulfony! chloride in 200 ml. of ether. 
After an hour 1 equivalent of 4 N NaOH was added and the process repeated 
twice at intervals of from 2 to 3 hours. 3 hours after the last addition of 
alkali, the water layer was separated, aerated to remove dissolved ether, 
and acidified to Congo red with concentrated HCl. The resulting clear 
solution was left in the cold room, and overnight p-toluenesulfonylaspartic 
acid crystallized out. After several days 27 gm. were collected. M.p. 
159-160° after drying (90°); vield 69 per cent. 


Analysis—Found, N 4.57; theory for monohydrate, 4.59 
si H.O (90° in vacuo) 5.82; theory, 5.90 


The compound is readily soluble only in hot water and was recrystallized 
once from water. Neither the nitrogen value nor the melting point was 
altered, but recrystallization was found essential to prevent the formation 
of colored material in the next step. 

p-Toluenesulfonylaspartic Acid Anhydride—19.7 gm. of p-toluenesulfonyl- 
aspartic acid were dried to constant weight in a vacuum oven at 90°, sus- 
pended in 50 ml. of freshly distilled acetic anhydride, and the mixture was 
then brought to a boil. The resulting solution was rapidly cooled and 1 
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volume of dry ether and 2 volumes of petroleum ether were added. An oil 
separated at once and soon crystallized. The crystals were filtered off, 
washed with ether-petroleum ether, and dried as soon as possible. Yield 
14.9 gm. (86 per cent); m.p. 158.5-160°. 


Analysis—Found, N 5.20; theory, 5.21 


p-Toluenesulfonylbenzyl Aspartate—14.8 gm. of anhydride were heated 
with 10 ml. of freshly distilled benzyl alcohol at 100° for 35 hours under a 
condenser fitted with a calcium chloride tube. After cooling, the mixture 
was dissolved in ether and extracted several times with 5 per cent NaHCOs. 
The combined extracts were filtered, aerated, and acidified to Congo red 
with concentrated HCl. An oil separated that solidified after prolonged 
stirring or preferably seeding. Yield 18 gm. (87 per cent); m.p. 86--104°, 


Analysis—Found, N 3.71; theory, 3.71 


The two isomeric benzyl esters were separated by repeated fractional 
crystallization from ether-petroleum ether. For final purification the 
esters were recrystallized to constant and sharp melting points. Advan- 
tage was taken of the fact that Ester I, present in the smallest amount, was 
much less soluble in ether than Ester II. Thus, some of Ester I could be 
left undissolved on extraction of the mixture with ether, whereas on per- 
cipitation with petroleum ether (approximately 0.5 to 0.75 volume), Ester 
II was the first to crystallize. Ester I was finally reerystallized from ethyl 
acetate and petroleum ether. 

From 54.5 gm. of the mixed esters were isolated LO gm. (18 per cent) of 
Ester I and 35.6 gm. (65 per cent) of Ester IT. 


Ester I-—M.p. 135.5-137 Found, N 3.71; theory, 3.71 
Ester II—M p. 108.5-109 Found, N 3.73; theory, 3.71 


Kester II, the predominant isomer, was assumed by analogy with the 
behavior of the carbobenzoxy compounds (8) to be the isobenzyl ester, 
and further evidence for this assumption will be presented later. Attempts 
to obtain asparagine by converting this to the acid chloride with thiony! 
chloride and then to the amide with aqueous ammonia gave very poor 
vields, partly because the ester group itself reacted with ammonia, to give 
the diamide of p-toluenesulfonylaspartic acid. Therefore, this method was 
abandoned and each ester converted to the corresponding amide by treat- 
ment with ammonia. 

p-Tolucnesulfonylasparagine —A solution of 4.04 gm. of Ester I in 22 ml. 
of 25 per cent aqueous ammonia was allowed to stand at room temperature. 
A precipitate, which formed during the Ist hour, gradually redissolved. 
After 24 hours, the solution was acidified to Congo red and placed in the 
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cold room. Crystals of p-toluenesulfonylasparagine rapidly formed. Af- 
ter being filtered and dried, the crystals were washed several times with 
ether. Yield 2.72 gm. (89 per cent); m.p. 173.5-174°. 


Analysis—Found, N 9.84; theory, 9.79 


On recrystallization from hot water the melting point was raised to 
174.5-175.5°. 

p-Toluencsulfonylisoasparagine—5 gm. of Ester II, treated similarly, 
yielded 3.24 gm. of p-toluenesulfonylisoasparagine, m.p. 177.5-178°. 


Analysis—Found, N 9.66; theory, 9.79 


This could be recrystallized from hot water without change in melting 
point. Both compounds were markedly soluble only in alcohol, acetone, 
and hot water. 

Asparagine 2 gm. of p-toluenesulfonylasparagine were suspended in 
liquid ammonia with mechanical stirring and reduced by the gradual addi- 
tion of 1.38 gm. of Na (S atoms). 4 hours after the last addition, 3.32 gm. 
of NH,Cl were added and the ammonia allowed to evaporate. The residue 
was dissolved in dilute HCl and the thiocresol was removed by repeated 
extraction with ether. The water solution was then evaporated in vacuo 
nearly to dryness. The mixture was extracted with a solution containing 
5 parts of 95 per cent alcohol to 1 part of concentrated HCI, and filtered. 
On neutralization of the filtrate to litmus with 4 N NHs, an oily precipitate 
settled out. This ervstallized overnight as prisms. Yield 0.73 gm. (70 
per cent). The product was reerystallized once from 50 per cent alcohol 
and twice from hot water with the addition of sufficient NaOH to bring 
the pH to between 6 and 7, giving 0.48 gm. of pure asparagine. 


Analysis—Found, N 18.61, amide N 9.25, HoO (110°) 12.02 
Caleulated for CyHsN.O;-H.O, N 18.67, amide N 9.34, H.O 12.00 


Tsoasparagine—4.0 gm. of p-toluenesulfonylisoasparagine, treated ac- 
cording to the same procedure, vielded 1.42 gm. (77 per cent) of crude 
isoasparagine which, on recrystallization from dilute alcohol, then water, 
gave 0.63 gm. of the pure compound in the form of needles. 

Analysis—Found, H,O (110°) 0.48, N 21.04 (corrected for moisture 21.16), amide 

N 10.56 (corrected for moisture 10.62) 
Theory for CsHsN.O3, N 21.21, amide N 10.61 


The isoasparagine could be distinguished from the normal asparagine 
not only by the marked difference in crystalline form, the former crystalliz- 
ing as needles, the latter as prisms similar to the natural asparagine, but 
also by the relative rates of acid hydrolysis. After 45 minutes in a boiling 
water bath in the presence of 0.25 ~ HCl, natural asparagine vielded 31 
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per cent of its total amide nitrogen as free ammonia, normal synthetic 
asparagine, 31 per cent, and synthetic isoasparagine, 74 per cent; after 110 
minutes the extent of hydrolysis respectively was 48, 49, and 93 per cent, 
The ammonia liberated was estimated by the method of Pucher, Vickery, 
and Leavenworth (9). No liberation of ammonia from any of these com- 
pounds could be detected by this method before acid hydrolysis. 

Method 2 Asparagine was also subsequently prepared from sodium 
diethyl oxalacetate as described by Cocker (10).!. This method gave low 
yields, and repeated recrystallization of the end-product from water, with 
neutralization of the hot solution to avoid coprecipitation of aspartic acid, 
was necessary in order to obtain a product with the correct nitrogen con- 
tent. However, the time required for the synthesis was considerably 
shorter. 

Synthetic Glutamic Acid—This material was prepared from a-ketoglutarie 
acid by the method of Knoop and Oesterlin (11). 


Analysis—Found, N 9.62; theory, 9.52 


The other compounds tested were aspartic acid, glutamine, glycine, 
acetamide, and pyrrolidonecarboxylic acid. The last was prepared from 
commercial glutamic acid (12). The others were commercial products, 
used without further purification. 

Results 


It ean be seen from the data given in Table I that several strains of Bae- 
terium dysenteriae, staphylococci, and Lactobacillus arabinosus, all of which 
require nicotinamide for growth on the basal media described, grow well 
without this compound if a solution containing asparagine and glutamic 
acid, previously heated for 48 hours, is substituted. A more detailed and 
quantitative study of the ability of heated asparagine-glutamate, or other 
amino acid mixture, to substitute for nicotinamide was carried out with two 
strains of dysentery bacilli. The results of typical experiments are pre- 
sented in Table II. 

That the effect of this substitution is not due to traces of impurities in 
the natural asparagine or glutamic acid is demonstrated by experiments 
showing that full growth takes place in the presence of a heated mixture 
of synthetic asparagine and glutamic acid with basal medium 8. O. that 

1 It was found impossible to purify the diethyl aspartate by vacuum distillation, 
owing to almost complete decomposition of the ester even before its boiling point 
was reached. Therefore, this compound was isolated as the hydrochloride by passing 
dry HC! with cooling into the dry ether solution obtained after the reduction of the 
oxime with aluminum amalgam. The hydrochloride is a crystalline solid which can 
be kept without decomposition for long periods in a desiccator. 

Analysis—Found, N 6.13; theory, 6.21 
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contains no natural sources of nitrogen except small amounts of cystine and 
tryptophane (Experiment 23). This is confirmed by the fact that corre- 
sponding concentrations of heated mixtures of the synthetic and natural 
amino acids give similar amounts of growth (Experiments 3 and 13), 
despite the fact that a relatively high concentration of the amino acids, 
6.8 X 10-* M, is required to replace a very low concentration, 1.6 X 10-7 m, 
of nicotinamide. More prolonged heating and the presence of higher 
concentrations of iron or of manganese produce mixtures active in higher 
dilutions, but in no case as yet has the molar activity of a mixture ap- 
proached that of nicotinamide. 

When the asparagine and glutamic acid are heated separately and then 
both added to the medium, limited growth takes place, even when the syn- 
thetic compounds are used (Experiments 2, 12, and 33). This may be due 
to a slow reaction during the 2 day incubation of the culture at 35°. How- 
ever, since heated asparagine alone (Experiment 32) may give the same 
limited growth, the explanation is not yet clear. In any case, the effects 
with the separately heated compounds are always of a much lower order 
of magnitude than those observed when the two are heated together. 
From these results it appears quite clear that glutamic acid and asparagine, 
when heated together in neutral solution at 100°, react with each other to 
produce some substance that can substitute for nicotinamide as a growth 
factor for the bacteria tested. 

The most favorable conditions for the production of an active reaction 
mixture prevail at about pH 7. Much less activity is obtained at pH 9 or 
4, and none at all at pH 2.5. The lower activity of acid and alkaline solu- 
tions may be due to hydrolysis of the asparagine under these conditions, 
and at pH 4, at which the asparagine should be quite stable (13), the 
glutamic acid is more rapidly converted to pyrrolidonecarboxylic acid (14). 
It was thought at one time that the latter compound might be an inter- 
mediary but direct test showed it to be very much less active than glutamic 
acid after heating with asparagine. Aspartic acid and glycine also could 
not be substituted for either reactant. A further possible product which 
might be the active substance was glutamine, although this seemed un- 
likely in view of its notable heat instability (13) in contrast with the ap- 
parent relative heat stability of the active product. Tests with glutamine, 
sterilized by filtration, showed that although some growth did occur with 
0.02 m glutamine it was less than that with smaller concentrations, 0.0068 
M, of asparagine and glutamic acid. When the glutamine solution was 
heated for 24 hours at 100°, it became considerably more active. Whether 
this indicates that glutamine is an intermediary in the reaction is, however, 
uncertain, since the commercial sample used was an obviously impure one. 

The only compound found capable of replacing asparagine was the iso- 
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asparagine, prepared from synthetic aspartic acid. This substance, after 
being heated with glutamic acid, gave fair growth and some acid production 
at a concentration of 0.02 m. The mixture was less active than those 
containing asparagine, possibly because of the much more rapid rate of 
hydrolysis of the isoasparagine. 

The ability of isoasparagine to substitute for asparagine and the activity 
of heated glutamine suggested the possibility that these compounds serve 
only as amide group donors and therefore an attempt was made to sub- 
stitute acetamide in the reaction. However, the heated glutamate- 
acetamide mixture showed no more activity than glutamic acid alone. 
Either acetamide is not a suitable amide donor or asparagine has some 
further function. 

Later experiments not included in Table II have shown that different 
rates of reaction may be obtained with different commercial samples of 
glutamic acid and asparagine and that the rate is increased if the tubes are 
closed with cotton stoppers. These variations are probably due to traces 
of metals in some of the amino acid preparations and in the cotton, since 
certain metal salt mixtures, of which manganese and, to a less extent, iron 
appear to be the most active constituents, catalyze the reaction. Very 
little activity is produced if the reaction takes place in a dry melt of as- 
paragine and glutamic acid or sodium glutamate, or in an actively boiling 
solution. Finally, it has recently been observed that several other amino 
acids may be substituted for the glutamic acid and the results of these 
experiments will be published shortly. 

The nature of the reaction product is unknown. Whether nicotinamide 
itself is formed cannot be determined at present, since solutions sufficiently 
active to be tested chemically for this substance have not thus far been 
obtained. Preliminary to an attempt at identification of the active pro- 
duct, investigations are under way to determine the most favorable condi- 
tions for its formation. 


SUMMARY 
A neutral solution of glutamic acid and asparagine, after being heated 
at 100° for several days, can substitute for nicotinamide as a growth factor 
for several strains of Bacterium dysenteriae, staphylococci, and Lactobacillus 
arabinosus. 
The observation has been repeated with synthetic compounds. A 
method for the synthesis of asparagine and isoasparagine is described. 
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STUDIES ON TWO CHEMICALLY UNIDENTIFIED WATER- 
SOLUBLE VITAMINS NECESSARY FOR THE CHICK* 


By G. M. BRIGGS, Jr., T. D. LUCKEY, C. A. ELVEHJEM, anv E. B. HART 


(From the Department of Biochemistry, College of Agriculture, University of Wisconsin, 
Madison) 


(Received for publication, February 6, 1943) 


It is well recognized that liver, yeast, and other natural products supply 
water-soluble factors, distinct from the known vitamins and necessary in 
the diet of the chick. Several reports from this laboratory have demon- 
strated that chicks receiving purified rations containing all the known 
nutrients do not grow maximally unless liver, or a liver concentrate, is 
provided. Hutehings, Bohonos, Hegsted, Elvehjem, and Peterson (1) 
reported that fractions rich in the norit eluate factor necessary for Lacto- 
bacillus casei (folic acid (2)) were active on a purified chick ration in pro- 
moting growth. Mills, Briggs, Elvehjem, and Hart (3) found that similar 
fractions, containing the Lactobacillus casei factor, were necessary for 
feather development and hemoglobin formation as well as for growth. It 
was suggested that there were at least two unidentified factors present in 
liver. Evidence that these same liver fractions are essential for normal de- 
velopment of the chicken embryo has been presented by Cravens, Sebesta, 
Halpin, and Hart (4). 

This paper presents studies on the existence of at least two water-soluble 
vitamins of the B complex distinct from all of the known vitamins, includ- 
ing folic acid. One of these factors is necessary for feather formation, while 
another is essential for growth in the chick. 


EXPERIMENTAL 


Dav-old white Leghorn chicks were used throughout and raised in elec- 
trically heated cages with raised screen bottoms. In all the experiments 
the chicks were fed the basal ration for 3 days and then divided into uni- 
form groups of six according to weight before supplements were added. 
Water and feed were supplied ad libitum. 


* Published with the approval of the Director of the Wisconsin Agricultural Ex- 
periment Station. Supported in part by grants from the Wisconsin Alumni Research 
Foundation and Swift and Company. 

We are indebted to Merck and Company, Inc., Rahway, New Jersey, for the crys- 
talline vitamins; to The Wilson Laboratories, Chicago, for solubilized liver (liver 
Fraction L) and whole liver substance; to Wilson and Company, Inc., Chicago, for 
gelatin; to Cerophy! Laboratories, Inc., Kansas City, Missouri, for grass juice powder; 
and to Allied Mills, Ine., Peoria, Illinois, for soy bean oil. 
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The basal ration (No. 484K) is similar to those used previously (1, 3) 
and had the following percentage composition: dextrin 59, alcohol-ex- 
tracted casein 18, gelatin 10, Salts 5' 6, soy bean oil 5, and kidney residue 
(3) (a source of biotin) 2. Each 100 gm. also contained /-cystine 300 mg., 
thiamine 0.3 mg., pyridoxine 0.4 mg., riboflavin 0.6 mg., pantothenic acid 
1.5 mg., choline 150 mg., nicotinic acid 10 mg., 2-inositol 100 mg., 2-methyl- 
1 ,4-naphthoquinone 0.5 mg., and a-tocopherol 0.3 mg. Each chick re- 
ceived 3 drops of a vitamin A and D concentrate weekly. The gelatin, 
when cystine is supplied in the ration, appears to function solely as a source 
of arginine and glycine (6). 

The Superfiltrol eluate of solubilized liver was prepared according to the 
method of Hutchings, Bohonos, and Peterson (7). In brief, it is made by 
treating a solution (pH 3) of solubilized liver with norit and eluting the 
norit with a mixture of water, aleohol, and ammonia. Adsorption and 
elution are repeated with Superfiltrol.* 

A scheme for the separation of the other preparations used in this work 
is given. The starting material in each case was the Superfiltrol eluate 
described above. All precipitations, made with ethyl alcohol, were allowed 
to stand in the cold (—7°) for 4 hours or more before filtration. If the 
solution was acid, the residue was filtered off as quickly as possible after 
the 4 hour period and the filtrate neutralized to prevent possible destruction 
of the active factors. 

Assays for folic acid were made according to the method of Mitchell and 
Snell (8) with Streptococcus lactis R as the test organism and solubilized 


liver as the standard. 
Results 


The results of five different series are averaged in Table I. On the basal 
ration feather development of the chicks was poor and the growth rate was 
retarded. As solubilized liver was fed in increasing amounts (which corre- 
spondingly increased the folie acid level of the ration), the rate of growth 
and feather development likewise increased. As reported previously (3) 
the Superfiltrol eluate (Groups 6 to 8) gave results nearly equal to those 
obtained with the solubilized liver. Groups 13 to 22 show the results of 


! Salts 5, a modification of Salts 4 (5), is composed of the following 


CaCO; 600 Fe(C.H;O07)2-6HL0 55 

K»HPO, . 645 KI 1.6 
CaHPO,-2H,O 519 MnSO,:4H,O 15.8 
MgS0O,-7H,0 204 ZnCl, 0.5 
NaCl 335 CuS0O,-5H.0 0.6 


When fed at 6 per cent, this mixture supplies 100 parts per million of manganese. 
? The Superfiltrol was obtained from the Filtrol Corporation, 315 West Fifth 


Street, Los Angeles. 
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TABLE I 


Growth and Feathering of Chicks Compared to “Folic Acid’’ Content oO; Supple ments 





Feather 
; No Average I ¢ develop- 
Group Supplement to basal Ration 484K No. of ead in “* . Ps , nent; 0 
o chicks uid supy i very poor, 
KS supplement 10 very 
good 
l No supplement 30 5 151 () 33 
2 | 0.2% solubilized live: 1] () 205 9.0 65 
3 | 0.5% “ “ 24 231 12.5 78 
{ 1.0% a = IS ‘) 267 25.0 SA 
5 2.0% " 24 ) 277 50.0 100 
6 | Superfiltrol eluate ~ 0.5% solubil 6 0) IS4 1.5 10) 
ized liver 
7 Superfiltrol eluate ~ 2.5% solubil 6 0) 248 22.3 S5 
ized liver 
Ss Superfiltrol eluate ~ 5.0% solubil 22 0) 259 14.6 5 
ized liver 
9 | 0.27% grass juice powder 12 0 15S 12.5 10) 
10 |0.5% * v ‘e ti 0 rf} 23.2 50 
11 1.0% ss oA a" 6 0 4 16.4 S5 
12 1.0% whole liver substance 12 0 211 55.3 53 
13» ~Preparation 1 ~ 5% solubilized 5 () 11 22.5 75 
liver 
14 Preparation 2 ~ 5% solubilized 7) 0) 20 22.5 100 
liver 
15 Preparation 30 ~ 5% solubilized 6 ( 240 3 S5 
liver 
16 Preparation 33 ~ 5% solubilized 6 0) 200) 16.3 30 
liver 
17 Preparation 34 ~ 5% solubilized t (0) 280) 17.5 ) 
liver 
IS Preparation 52 ~ 5% solubilized ; 0 2S4 27.5 10) 
liver 
19 | Preparation SSA ~ 5% solubilized th () 1) 2.1 10) 
liver 
20+ | Preparation 67 ~ 5% solubilized b 1435 3S sD 
liver 
21 Preparation 72 ~ 10% solubilized 6 | ISS 25.0 35 
liver 
22 Preparation 73 ~ 10% solubilized 6 IS3 §.3 ID 
liver 
2 Superfiltrol eluate ~ 5% solubilized 6 0 239 51.0 95 
liver 


* Since folic acid has not been completely purified, assay values are computed by 
the method of Mitchell and Snell (8) on the basis of material with a ‘‘potency”’ of 
40,000 compared to solubilized liver, the standard, having a ‘“‘potency”’ of | 

t Biotin concentrate (S. M. A. No. 1000) was used in place of kidney residue in the 


last four groups. 
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the fractionation of the Superfiltrol eluate of solubilized liver into purer 
preparations. Several of the preparations gave inconclusive results (as 
indicated in the scheme) and for the sake of brevity the results from 
feeding these fractions are omitted from Table I. 

Evidence for Factor Essential for Feather Development and Distinct from 
Folic Acid—When grass juice powder was fed (Groups 9 to 11), it was found 
that neither growth nor feathering was improved as rapidly as would be 
expected from the folie acid content (compare with Groups 1 to 8). For 
example, if the chicks receiving 0.5 per cent of solubilized liver and 0.27 
per cent of grass juice powder (Groups 3 and 9) are compared, it may be 
seen that although the chicks in each group received the same amount of 
folie acid those getting the solubilized liver showed better feather develop- 
ment and grew 73 gm. more than the group of chicks receiving the grass 
juice powder. 

Likewise, whole liver substance (Group 12), when fed at 1 per cent, sup- 
plied 10 times as much folie acid as 0.2 per cent of solubilized liver (Group 
2) and yet feather development was poorer in the chicks receiving the 
whole liver substance. (It should be emphasized that whole liver sub- 
stance when fed at higher levels, 5 per cent or above, is a complete supple- 
ment to the basal ration and supplies all of the unknown factors in optimal 
amounts.) Preparations 1 and 2 (Groups 13 and 14) supplied an equal 
amount of folic acid and yet Preparation 2 gave superior feathering. When 
Preparation 30 was fed (Group 15), good feathers were formed, contrary to 
the results obtained with Preparation 33 (Group 16) which did not improve 
feathering over that with the basal ration (Group 1) to any degree in spite 
of its supplying 10 y more of folie acid per 100 gm. of ration than the former 
fraction. Chicks in the next group (receiving Preparation 34) had ap- 
proximately the same amount of folic acid as chicks receiving Preparation 
33 (Group 16) but feathered very well and grew maximally. The records 
of Groups 20 to 22 also show that there is no correlation between folic acid 
content of the diet and feather development. 

Thus, it is demonstrated that the solubilized liver and the Superfiltrol 
eluate of solubilized liver contain a factor necessary for proper feathering 
distinet from folie acid. 

Evidence for Second Factor Necessary for Growth and Distinct from the 
Feather Factor and Folic Acid—The growth rate of some of the chicks did 
not correlate with either the folic acid content of the ration or feather 
development. This is evident when Groups 6, 9, and 19 are compared 
with each other, since in each case the feather development was similar. 
Chicks in Group 6 received only 4.5 y of folie acid per 100 gm. of ration and 
weighed 184 gm. at 4 weeks, while chicks in Group 9 had 12.5 y of folie acid 
per 100 gm. of ration and weighed only 158 gm. Chicks receiving Prepara- 
tion 58A (Group 19) had one-sixth of the amount of folie acid in their 
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ration as chicks in Group 9, and yet they weighed 38 gm. more at the end 
of 4 weeks. 

Likewise, in Groups 20, 21, and 22, in which the feathering was the same, 
the growth rate of the chicks and the folie acid content of the ration could 
not be correlated. The growth obtained with a supplement supplying 5.3 
y of folie acid per 100 gm. (Group 22) was as good as the growth obtained 
with a supplement supplying 25 y of folic acid per 100 gm. (Group 21), 
whereas an intermediate level of folic acid, 13.8 y (Group 20), had no 
growth-promoting effect. 

Other data (not presented in Table I) show that this growth factor is not 
adsorbed quite as readily by norit as the factor necessary for feathering or 
as readily as folic acid. When the norit filtrate of solubilized liver equiva- 
lent to 2.7 per cent was fed, growth of 239 gm. at 4 weeks was obtained 
while feathering was “60.”’ Only 5 y of folic acid were supplied by this 
supplement. 

Status of Folic Acid in Our Studies—Folic acid is the name applied by 
Mitchell, Snell, and Williams (2) to a substance necessary for the growth 
of Streptococcus lactis R and Lactobacillus casei. 

The question whether or not folic acid itself, as defined by Mitchell et al., 
is necessary in the diet of the chick cannot be answered fully from our data. 
As can be seen in Table I, maximum growth was not obtained in chicks 
unless levels were fed equal to, or above, 17.5 y of folic acid (Group 17) per 
100 gm. of ration. This indicates that folic acid may be a third factor. 
However, this problem cannot be settled conclusively until pure folie acid 
is obtained or until preparations are made which are free of folic acid and 
yet supply maximum growth. 

It has been reported by Hutchings et al. (7) that an inactive ethyl ester 
of folic acid was made by treatment with ethyl alcohol (acid) at room 
temperature. Since the preparation of our fractions involves the use of 
various concentrations of ethyl alcohol, the possibility arose that it was not 
correct to compare growth results of the chick with the folic acid content of 
the supplement, as determined by the bacterial assay. To determine 
whether or not this ester formation took place, the amount of folie acid 
recovered in the purified fractions was compared to the folie acid content of 
the starting material. In all cases at least 70 per cent of the folic acid may 
be accounted for in this manner. The loss is probably due to acid de- 
struction (7). 

Further proof that ester formation was not concerned here was seen when 
a few representative alcohol fractions were hydrolyzed with 1 per cent 
ammonia on a steam bath for 1 hour. It was found that the folic acid 
content did not increase upon hydrolysis. We have assumed, therefore, 
that all the folic acid that is available to the chick in the alcohol fractions 
is measured by the bacterial assay. 
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Other Results—Chicks receiving the basal ¢ation occasionally develop a 
typical paralysis in 3 to 5 weeks. An affected chick becomes very weak, 
as evidenced by its trembling body and wings. In severe cases the chick 
will lie helpless on its side unless aided to its feet, in which case it is able to 
stand and move about unaided for a short while. Death eventually ensues. 
This paralysis is similar to the second and third stages of a paralysis de- 
scribed by Jukes and Babcock (9) in 1938. 

All the chicks on the basal ration become anemic (3), especially those 
with the paralysis. As yet we have not been able to determine which of the 
unknown factors, or combination of unknown factors, will prevent either 
the anemic condition or the paralysis. 

When the Superfiltrol eluate is fed in addition to the basal ration con- 
taining a biotin concentrate (supplying 15 y of biotin per 100 gm.) in place 
of kidney residue (Group 23), the weight obtained is not quite maximum 
although growth appears to be ‘“‘normal”’ in all respects. The reason for 
this difference in growth is obscure but suggests that the biotin concentrate 
is lacking in another unidentified factor contained in the kidney residue, 
or it may be that the eluate when fed equivalent to 5 per cent supplies a 
suboptimal amount of the unknown factors when the kidney residue is 
removed from the ration. 

Perosis, or slipped tendon, appears occasionally in chicks receiving 
various fractions of the Superfiltrol eluate in spite of ample choline, biotin, 
and manganese in the ration. This confirms the results of Richardson, 
Hogan, and Miller (10), who reported the presence of a fourth dietary factor 
concerned in the prevention of perosis found in an eluate of a fullers’ earth 
adsorbate of a water extract of beef liver. On our ration 2 per cent of 
solubilized liver gave complete protection against perosis. 

Distribution of Unknown Factors*—The distribution of the unknown fac- 
tors, taken as a whole, has been determined by feeding chicks various 
products with the basal ration and comparing the growth results with those 
obtained with solubilized liver. Of the substances tested, liver and brew- 
ers’ veast are the best sources, adequate at 5 per cent of the diet. Linseed 
oil meal, soy bean oil meal, alfalfa leaf meal, and grass are comparatively 
good sources. Wheat middlings and wheat bran are fair sources, while 
yellow corn, skim milk powder, fish-meal, tankage, and oats are relatively 
poor sources. 

DISCUSSION 

The properties of the factors discussed in this paper are similar to the 
properties of unknown chick factors of other laboratories. Stokstad and 
Manning (11), in 1938, using a semipurified diet, described an unknown 
growth factor in veast, factor U, which was adsorbed by fullers’ earth at an 


* We wish to thank Mr. R. C. Mills for his assistance in this phase of the work. 
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acid pH and was insoluble in various fat solvents. The existence of a factor 
necessary for proper hemoglobin formation (vitamin B,.) has been reported 
by Hogan and Parrott (12), although a recent paper from the Missouri 
laboratory (13), by Richardson, Hogan, and Karrasch, does not report the 
presence of anemia in chicks receiving a basal ration containing all the 
known factors recognized at the present time and low in the unrecognized 
vitamins. <A liver concentrate was used as a source of the unknown vita- 
mins. Schumacher, Heuser, and Norris, in 1940 (14), presented evidence 
to show that chicks require two unknown alcohol-insoluble factors, R and 
S, present in yeast and necessary for growth. Record and Bethke (15), 
however, have shown that choline increases the rate of growth of chicks 
receiving rations deficient in factors R and 8. 

Recent work has shown the existence of a factor, or factors, necessary for 
proper feather development which may be related to our feather factor. 
For example, Record and Bethke (15) reported that the poor feathering 
obtained on a basal ration similar to that used by the Cornell workers was 
made normal by the addition of choline and factor R. This suggests a 
relationship between factor R and our feather factor, although Schumacher 
et al. (14) report that no macroscopic symptoms other than poor growth 
were produced on their rations deficient in factors R and 8. McGinnis, 
Norris, and Heuser (16) have shown that Rhode Island Red chicks on a 
semipurified diet (similar to that used by Record and Bethke) supple- 
mented with many of the known vitamins require a factor present in yeast 
for proper feather development and pigmentation. That pork liver con- 
tains a factor, or factors, necessary for complete feathering has also been 
reported by Sullivan, Reeves, Bloom, and Rateike (17) using a ration 
consisting largely of grain products which, when fed alone, caused poor 
feathering. Fuller and Wilcke have recently studied the effect of cereal 
grains on feather growth and have reviewed this subject (18). 

The factor necessary for feathering in our ration found in the liver 
concentrates should not be confused with other factors shown to be neces- 
sary for proper feather formation, namely arginine and glvcine (19), 
supplied in our basal ration by the gelatin. That the two deficiencies are 
distinct has been previously shown (3). 

The question may be raised whether or not one of the unknown factors 
is p-aminobenzoic acid. From data which we have presented elsewhere 
(20) we have concluded that p-aminobenzoic acid is not in itself needed by 
the chick in spite of the fact that large amounts (5 to 15 mg. per 100 gm. of 
ration) did give a noticeable growth and feathering response when fed in 
addition to the basal ration. When p-aminobenzoic acid was fed at a 
level corresponding to that in 2 per cent of solubilized liver, no response in 
growth was noticed. Therefore, if p-aminobenzoic acid is needed, it would 
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be necessary only at very low levels when fed in combination with other 
factors. 

Because the factors mentioned in this paper have all the properties com- 
mon to vitamins of the vitamin B complex, we have assigned, until chemical 
identification can be established, the name of vitamin By to the factor 
necessary for feather development and vitamin B,, to the factor necessary 
for growth. These numbers, Bio and By;, have been selected because there 
are, at the present time, nine vitamins of the B complex concerned in chick 
nutrition, seven of which have been well established as necessary; namely, 
thiamine, riboflavin, pantothenic acid, choline, nicotinic acid, pyridoxine, 
and biotin. The two other members, inositol and folic acid, appear to be 
necessary for the chick. The relationship of these factors, vitamin Byo 
and B,,, to the chick factors of other workers mentioned previously is 
difficult to determine although in general the chemical properties are simi- 
lar. Further experimental work must be done to answer this question fully 
and to determine whether or not these factors are needed by other animals. 
Work on the chemistry of these factors and their further separation, now in 
progress, Will appear later. 


SUMMARY 


In work with chicks, with a purified ration, it is possible to demonstrate 
the existence of two necessary dietary factors in liver and other materials 
distinct from folic acid. Both of these factors are soluble in water, ad- 
sorbed on norit and Superfiltrol at pH 3, eluted with a mixture of water, 
alcohol, and ammonia, and separated partially by fractional precipitations 
with ethyl aleohol. The factors are distinguished as follows: 

1. One factor is essential for proper feather development in the chick. 

2. A second factor is necessary for growth but is not active in producing 
normal feathers. 

These factors have been named vitamin By) (the feather factor) and 
vitamin B,, (the growth factor) until chemical identification is established. 
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THE ABSORPTION SPECTRA OF HEMOGLOBIN AND ITS 
DERIVATIVES IN THE VISIBLE AND NEAR 
INFRA-RED REGIONS 


By B. L. HORECKER 


(From the Division of Industrial Hygiene, National Institute of Health, 
Bethesda, Maryland) 


(Received for publication, December 3, 1942) 


Since the pioneering investigations of Vierordt and of Hiifner and his 
group, numerous reports on the absorption spectra of hemoglobin and its 
derivatives have appeared in the literature. A detailed summary of these 
reports is to be found in Heilmeyer’s monograph (1). For the most part 
these investigations have been confined to the visible portion of the spec- 
trum, although in a few cases the observations were extended into the ul- 
traviolet. The near infra-red, however, has been singularly neglected, 
despite the fact that as early as 1914 Hartridge and Hill (2) published some 
qualitative results indicating the presence of an interesting oxyhemoglobin 
band in this region. 

In this laboratory, it became necessary to develop a rapid and accurate 
spectroscopic method for the estimation of carbon monoxide in blood which 
could be adapted to a simple portable instrument. The visible portion of 
the spectrum proved unsuitable for this purpose, since the character of the 
oxyhemoglobin and carbonylhemoglobin bands in this region require the 
use of narrower spectral regions than can conveniently be isolated in such 
an instrument. The infra-red spectra were investigated in the hope that 
more suitable absorption bands might be found. 

The spectrophotometric data for the various hemoglobin derivatives 
which may be found in the literature are characterized by discrepancies 
with respect to the absolute values of the absorption coefficients, depending 
upon the hemoglobin preparations examined, the analytical methods used, 
and the dispersing power of the spectrophotometers employed by the vari- 
ous investigators. Since the precision of any spectrophotometric method 
of analysis depends upon the accuracy with which the corresponding ab- 
sorption coefficients are known, a redetermination of these coefficients was 
undertaken. The objectives of this investigation were to determine as 
accurately as possible the absorption coefficients of various hemoglobin 
derivatives in whole hemolyzed human blood and to compare these with 
constants obtained with pure hemoglobin, in order that the contribution 
of hemoglobin to the absorption of whole blood might be evaluated. A 
similar study was made of the spectra of these substances in the near infra- 
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red region from 7000 to 10,000 A. The new absorption bands found in 
this region promise to be extremely useful for analytical work. 

According to the Lambert-Beer Law, the specific absorption coefficients 
of an absorbing material may be defined by the equation, 


I 
Logio ; = acl 


where J) = intensity of incident light 


I = oe “ transmitted light 

/ = length of light path through solution 
( = concentration of absorbing material 
a = specific absorption coefficient 


This relationship is valid only when monochromatic light is used and pro- 
vided that the material investigated contains no absorbing impurities, 
With instruments available at the present time, sufficiently narrow wave- 
length intervals can be isolated to permit the determination of accurate 
absorption coefficients. Much greater difficulty has been encountered in 
preparing pure hemoglobin and in establishing adequate criteria for its 
purity. The earlier workers (3-7) employed crystalline hemoglobin pre- 
pared by alcohol precipitation or other means, and estimated the concen- 
tration from the dry weight of the crystals. It is now generally recognized, 
however, that crystallinity in the case of proteins is no assurance of homoge- 
neity (8); other criteria for purity must be applied. 

With the development of precise gasometric methods by Van Slyke and 
his coworkers, it became possible to determine accurately the concentration 
of hemoglobin in solution and in whole blood. Using this method of analy- 
sis, Neweomer (9) and, more recently, Kennedy (10) determined the ab- 
sorption of oxyhemoglobin and carbonylhemoglobin in hemolyzed human 
and dog blood. In each case, however, only the concentration of active 
hemoglobin (HbO.) was measured; the contribution of other blood com- 
ponents, including other hemoglobin derivatives, to the total light absorp- 
tion was not evaluated. The same is true, to a lesser extent, of the work 
of Drabkin and Austin (11), although these workers demonstrated that 
absorption constants obtained from washed, hemolyzed erythrocytes are 
highly reproducible. The effective slit width obtained with the instru- 
ments used by Kennedy and by Drabkin and Austin was about 30 A. in 
the green and 50 A. in the yellow. Measurable differences bet ween the ab- 
sorption curves of these authors and the present writer may be attributable 
to the fact that in the present paper narrower slits are used, 7 to 12.5 
A., in the visible spectrum. The narrower slit yields the more precisely 
defined absorption constants. 

The first important measurements in the infra-red were made by Merkel- 
bach (12) in 1935. He found oxyhemoglobin to have a broad absorption 
band with a maximum at about 9100 A., while carbonylhemoglobin had 
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practically no absorption in the infra-red. A small portion of the infra- 
red spectrum has also been described by Sidwell, Munch, Barron, and 
Hogness (13). Although they report a band for reduced hemoglobin at 
7550 A., their observations did not extend beyond 7700 A.; thus they 
failed to observe the oxyhemoglobin band. Carbonylhemoglobin was 
not examined. 


EXPERIMENTAL 


Preparation of Purified Hemoglobin—Purified hemoglobin was prepared 
from ealf blood by the method of Altschul, Sidwell, and Hogness (14), 
involving treatment with aluminum hydroxide gel. This method was 
selected because hemoglobin solutions so prepared showed, at low O, ten- 
sions, a higher affinity for oxvgen than did any other preparations, includ- 
ing hemoglobin crystallized by the method of Heidelberger. The percent- 
age saturation of hemoglobin with oxygen at low O, tension was used by 
these investigators as a criterion of purity, in accordance with their finding 
that impurities lowered the percentage saturation. 

From 500 ce. of whole calf blood about 300 ec. of a clear red solution are 
obtained, having about one-half the hemoglobin content of the original 
blood. 

Determination of Purity—The concentration of active hemoglobin was 
determined on 2.0 cc. samples by the carbon monoxide capacity method of 
Van Slyke and Hiller (15). Some preparations were also analyzed for 
methemoglobin by determination of the carbon monoxide capacity after 
reduction with sodium hydrosulfite. Since the values for total hemoglobin 
obtained in this way always agreed closely with values calculated from the 
dry weight of the preparations, this determination was found to be un- 
necessary. Dry weight determinations were made by evaporating ali- 
quots of the solution to constant weight at 100-105°. From the dry weight 
the total hemoglobin concentration was calculated, with 66,800 as the 
molecular weight. This value, calculated by Svedberg and Fahraeus (16) 
from sedimentation measurements, agrees well with 67,000 calculated by 
Adair (17) from osmotic pressure data and 66,000 caleulated by Morrison 
and Hisey (18) from the iron content and gas capacity. The following is 
a typical analvsis of a hemoglobin solution purified by the above method. 
The assumption is made that hemoglobin has four iron-containing groups 
and that the equivalent weight is one-fourth the molecular weight. 


equivalents HbO, 
Dry weight = 83.9 mg. per ce. = 5.02 X 107° : eee 


ce. 
a equivalents 
HbO, concentration from CO capacity = 4.99 K 10-* ——-—— 
awe ; : : —_ equivalents 
lotal Hb concentration from CO capacity = 5.03 X 10~¢ a 
ee. 
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The sample thus contains only 0.6 per cent of methemoglobin and no other 
impurities. 

The term equivalent is here used to indicate the amount of hemoglobin 
which contains 1 gm. atom of Fe and combines with 1 gm. molecule of 0, 
or CO. 1 equivalent of hemoglobin is assumed to be 66,800/4, or 16,700 
gm. <A concentration of 1 K 10~* equivalent is 16.7 mg. of hemoglobin 
per ce. 

Stability of Pure Hemoglobin Preparations—The hemoglobin solutions 
obtained could be stored in the refrigerator for over a month with no ap- 
parent decrease in their carbon monoxide-combining power. The absorp- 
tion spectrum in the visible region of the spectrum also remained un- 
changed. After a week or two, however, the preparations began to show 
evidence of an absorption band at 8200 A. which was absent in the fresh 
preparations, and which increased in intensity with the age of the prepara- 
tion. The position of this band would indicate that the preparations were 
becoming contaminated with methemoglobin, despite the fact that the 
Van Slyke analysis showed no decrease in the active hemoglobin content. 
In practice, preparations were discarded at the first appearance of this 
band. 

Preparation of Solutions—The absorption spectra of oxyhemoglobin 
(HbO-) and carbonylhemoglobin (HbCO) were determined with pure calf 
hemoglobin. For the visible spectrum the stock solution was diluted 1:50. 
For the infra-red spectrum the stock solution was diluted 1:2. All meas- 
urements were made in a cell of length 0.500 em. The dilutions were 
made in borate buffer of pH 9.2 to a final buffer concentration of 0.1 M. 
Carbonylhemoglobin was prepared by equilibrating the diluted solutions 
in a rotating tonometer through which pure carbon monoxide was passed 
for 20 to 30 minutes. The absorption cell was then filled with carbon 
monoxide gas and the solutions transferred directly from the tonometer to 
the cell without exposure to air. 

From hemolyzed human blood, solutions were prepared for the determi- 
nation of the spectra of reduced hemoglobin (Hb), alkaline and acid methe- 
moglobin (MHb), and metcyanhemoglobin (MHbCN), as well as HbO, and 
HbCO. The hemoglobin concentration was determined on the whole un- 
hemolyzed blood samples by the O, capacity method of Sendroy ((15) p. 
338). For the determination of the infra-red spectra of HbO,, HbCO, and 
Hb, the blood was diluted 1:5 with saponin and borate buffer, pH 9.2, to 
a final saponin concentration of 0.3 per cent and a final buffer concentration 
of 0.02m. A portion of this solution was saturated with CO as described 
above. A second portion was washed with pure N» in a rotating tonometer 
until the violet color of reduced hemoglobin was produced. The solution 
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Fic. 1. Absorption spectra of HbO, and HbCO in the visible region. 
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and II represent absorption constants obtained from pure calf hemoglobin for HbO, 
and HbCO, respectively. O and @ represent constants for HbO, and HbCO, respec- 
tively in hemolyzed human blood. 


“cE eae 


1ON COEFFICIENT 
°o 
b 





> ABSORPT 


fF 











---- -§- = ee 








Fig. 2. Absorption spectra of HbO, and HbCO in the infra-red region. 
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Curves I 


and Ia represent HbO, in hemolyzed human blood and pure calf hemoglobin, respec- 
tively. Curves II and Ila represent HbCO in hemolyzed human blood and pure calf 


hemoglobin, respectively. 
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Fie. 3. Absorption spectra of Hb, MHb, and MEHbCN in hemolyzed human blood 


in the visible region. 
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was then transferred directly from the tonometer into an absorption cell 
filled with pure Ne and containing a trace of dry Na2S,0, to insure complete 
reduction. For the visible spectra the blood diluted 1:5 was further di- 
juted with 24 volumes of 0.01 m borate buffer to a final dilution of 1:125. 
From this solution, HbCO and Hb were prepared as above. 

For the preparation of acid and alkaline methemoglobin, blood was 
hemolyzed with saponin and treated with a 6-fold excess of K,;Fe(CN)g. 
The mixture was then buffered with either phosphate or borate buffer and 
diluted with water to 5 times the volume of the original blood sample. 
The saponin concentration was then 0.3 per cent and the buffer concentra- 
tion was 0.05M. For the visible spectra 1 ec. of each of these solutions 
was further diluted to 25 ec. with 0.02 m buffer. The pH of each solution 
was measured with the glass electrode and is indicated in Table I. From 
the borate-buffered solutions MHbCN was prepared by the addition of a 
small amount of solid KCN. 

Visible and Infra-Red Absorption Spectra—The absorption measurements 
were made on an automatie recording spectrophotometer constructed in 
this laboratory by F. 8. Brackett and J. B. H. Kuper. This instrument is 
essentially similar in construction to the one described by them in 1940 
(19), but extending into the infra-red to 10,000 A. The effective slit 
widths at various wave-lengths are as follows: 


Wave-length, A 4000 5000 6000 7000 8000 =| «= 9000S |S 10,000 


Slit width, A 7 7 7 12.5 25 70 140 

The values of incident and transmitted light intensity were read from 
curves obtained on photographic paper. The concentration of hemoglobin 
was determined as described above and the values of the specific absorption 
coefiicients calculated from the relation 


Io 
ies 
aie: el 


logio 


c is given in equivalents per ec. and /in em. The units of @ are then sq. 
cm. per equivalent. 

The absorption spectra are plotted in Figs. 1 to 4. 

In each instance, the constants are the average values obtained from at 
least two hemoglobin preparations or blood samples. In Table I are 
summarized the values of the absorption constants at the maxima and 
minima, showing the spread of the determinations. 








TABLE I 
Absorption Constants for Hemoglobin Derivatives 


No. of Wave- 


Source Substance samples length 


A. 
Pure calf hemoglobin HbO, (5100 
5400 
) 5600 
5765 
6800 
9200 
e.% x HbCO ‘5000 
5375 
5550 
5680 
3 9200 
Hemolyzed human blood HbO, | 5100 
| 5400 
| 5600 
| 5765 
7000 
9200 
“ " " HbCO 5000 
| 5375 
5550 
5680 
j 9200 
ns - Hb 4800 
5550 
| 7310 
7600 
| 8400 
| 9000 
“ “ “ MHbCN 5040 
3 to 
5400 
3 8000 
6 MHb | 5100 
5400 
5600 
5770 
(6850 
) 7200 
| 8175 
9400 
. " MHb (4700 
| 5000 
6000 
6200 
P | 700K 
3§ fae 
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TABLE I—Concluded 
* pH = 9.18, 9.20, 9.12. 
t pH = 8.88, 8.92. 
t pH = 6.29, 6.32, 6.51. 
§ pH = 6.72, 6.30, 6.44. 


DISCUSSION 


It is shown in Fig. 1 that there is no perceptible difference in the visible 
region between the absorption spectra obtained from hemolyzed human 
blood and pure calf hemoglobin. It may therefore be concluded that 
other blood constituents make a negligible contribution to the light ab- 
sorption of hemolyzed blood in this region. The results also bear out the 
previous findings of Drabkin and Austin (11) and others with regard to the 
spectroscopic identity of the hemoglobins of various mammalian species. 

In the infra-red region, where the absorption of hemoglobin is much less 
intense, whole blood absorbs appreciably more than does pure hemoglobin 
(see Fig. 2). This difference may be attributed to the absorption of light 
by other blood constituents and to scattering of light by suspended material 
such as lipids and cell fragments. At the high dilutions used for the visible 
measurements the contribution of these materials is negligible. It is note- 
worthy that no special precautions were taken in the collection of the blood 
samples. The individuals were not required to fast before the venipunc- 
tures were made, the only limitation being that no samples were taken for 
several hours after lunch. 

The broad absorption band of oxyhemoglobin in the infra-red, together 
with the almost complete lack of absorption by carbonylhemoglobin, makes 
this region ideally suited for the determination of the CO content of blood. 
In any spectral interval beyond about 7500 A., the presence of HbCO will 
produce a marked decrease in the total absorption. The total hemoglobin 
concentration may be determined, independent of the presence or absence 
of CO, in the neighborhood of the isobestic point at 4965 A. The concen- 
tration of HbO, may be calculated from the infra-red absorption and the 
concentration of CO computed by subtracting HbO, from total hemoglobin. 

In order to eliminate the effeet of reduced hemoglobin, which will usually 
be present in the samples diluted 1:5 if blood is collected by venipuncture, 
the spectral region in the infra-red may be so selected that the oxyhemo- 
globin and reduced hemoglobin have the same absorption. An examina- 
tion of Fig. 4 will show that the isobestic point for these substances lies at 
about 8000 A. 

The two measurements described above are sufficient if only two hemo- 
globin derivatives, HbO. and HbCO, are present. For this purpose Hb 
and HbO:, may be considered identical, since they will absorb alike in the 
infra-red and Hb will be converted to HbO, at the high dilutions required 
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for the determination at 4965 A. If, however, a third component, such as 
MHb, is present, a third measurement is necessary for the evaluation of 
the HbCO, HbO:, and MHb concentrations. The required data may be 
obtained from the absorption at a third spectral interval, such as that 
around 6400 A., or by repeating the absorption measurement at 8000 A. 
after the sample is saturated with CO. 

In this laboratory we have developed a portable photoelectric instrument 
for the determination of carbon monoxide in blood which is based on the 
principles outlined above. With this device, the carbon monoxide content 
of human blood can be rapidly and conveniently determined with an error 
of less than 1 per cent HbCO. The details of construction and operation 
of this instrument will be described in a subsequent publication. 


SUMMARY 


The visible and infra-red absorption spectra of oxyhemoglobin, carbony]- 
hemoglobin, reduced hemoglobin, methemoglobin, and metcvanhemo- 
globin have been determined. Several new bands in the infra-red are 
described. 

The absorption spectra of oxyhemoglobin and carbonylhemoglobin in 
hemolyzed human blood are identical with those obtained from pure calf 
hemoglobin in the visible region of the spectrum. In the infra-red the 
whole hemolyzed blood has a somewhat higher absorption. 

A method of evaluating the absolute purity of purified hemoglobin prep- 
arations is described. 

A simple spectrophotometric method for determining the CO and 
methemoglobin contents of blood is indicated. 


The author is indebted to Dr. F. S. Brackett for his constant interest and 
valuable suggestions, to Mr. T. W. Allen for technical assistance in the 
spectrophotometric measurements, to Mr. E. R. Mitchell for the Van Slyke 
determinations on human blood, and to his associates in the Division of 
Industrial Hygiene who were kind enough to furnish the blood samples. 


BIBLIOGRAPHY 


1. Heilmeyer, L., Medizinische Spektrophotometrie, Jena (1933). 

2. Hartridge, H., and Hill, A. V., J. Physiol., 48, p. li (1914). 

3. Butterfield, E. E., Z. physiol. Chem., 62, 173 (1909). 

4. Hari, P., Biochem. Z.,82, 229 (1917). 

5. Charnass, D., in Abderhalden, E., Handbuch der biologischen Arbeitsmethoden, 
Berlin and Vienna, Abt. IV, Teil 4, 1109 (1926). 

. Haurowitz, F., Z. physiol. Chem., 136, 147 (1924). 

. Welker, W. H., and Williamson, C.S8., J. Biol. Chem., 41, 75 (1920) 

. MeMeekin, T. L., J. Am. Chem. Soc., 61, 2884 (1939). 

Newcomer, H.S., J. Biol. Chem., 37, 465 (1919). 


> i. eo: 


© 














)~ 


n 








0. 


Hl. 


12 


“ 


13. 


16. 
17. 
18. 
19. 





B. L. HORECKER 183 


Kennedy, R. P., Am. J. Physiol., 79, 346 (1927). 

Drabkin, D. L., and Austin, J. H., J. Biol. Chem., 98,719 (1932) ; 112, 51 (1935-36). 

Merkelbach, O., Schweiz. med. Woch., 65, 1142 (1935). 

Sidwell, A. E., Jr., Munch, R. H., Barron, E. 8. G., and Hogness, T. R., J. Biol. 
Chem., 123, 335 (1938). 


. Altsehul, A. M., Sidwell, A. E., Jr., and Hogness, T. R., J. Biol. Chem., 127, 123 


(1939). 


. Peters, J. P., and Van Slyke, D. D., Quantitative clinical chemistry, Methods, 


Baltimore, 341 (1932). 
Svedberg, T., and Fahraeus, R., J. Am. Chem. Soc., 48, 430 (1926). 
Adair, G.S., Proc. Roy. Soc. London, Series A, 108, 627 (1925). 
Morrison, D. B., and Hisey, A., J. Biol. Chem., 109, 233 (1935). 
Kuper, J. B. H., and Brackett, F.S8., Physic. Rev., 67, 1059 (1940). 

















¢ 


of 
m 
th 
m, 
in 
de 
be 
sh 














A SIMPLE METHOD FOR THE APPROXIMATE ESTIMATION OF 
THE ISOELECTRIC POINT OF SOLUBLE PROTEINS 
By WERNER G. JAFFE 
(From the Department of Chemistry, Biochemical Institute, Caracas-Los Rosales, 
Venezuela) 
(Received for publication, January 22, 1943) 

The precise determination of the isoelectric point of proteins is time- 
consuming and requires the use of special apparatus. The simple procedure 
here described may be carried out in a few minutes and requires no special 


equipment. 
TABLE I 

Estimations of Isoelectric Points of Soluble Proteins 

Protein P pe oe — | pH for inception of pptn. 
Pepsin 2.7-3 1.7 
Casein 4.6 4.4 
Ovalbumin ee? : 4.9 4.2 
Hemoglobin 6.7 6.7 
Papain 9 (About) 8.6 


In the course of a study of the antiseptic activity of cationic detergents 
(“invert soaps’’) Kuhn and Bielig (1) observed that these salts precipitate 
proteins in their anionic form. ‘This precipitation should, with ascending 
levels of pH, set in at the isoelectric point. 


EXPERIMENTAL 
A series of buffers is prepared at intervals of 0.2 on the pH seale. To 2 
ec. of each buffer solution there are added 5 drops of a 0.1 per cent solution 
of a suitable cationic wetting agent, such as a mixture of higher alkyldi- 
methylbenzylammonium chlorides,’ and enough of an aqueous solution of 
the protein to be tested to give a final protein concentration of about 10 
mg. per ee. The pH of the most acid mixture to yield a precipitate is the 
indicated isoelectric point. Any change in pH produced by the addition of 
detergent and protein solutions may be neglected unless the protein had 
been dissolved in acid or alkali. In such a case the pH of the final mixture 
should be verified potentiometrically. 
In Table I are summarized the results of tests thus performed. The 


‘ Marketed under the name Zephiral by the Alba Pharmaceutical Company, Inc. 
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buffers employed were phosphate-citrate mixtures prepared according to 
the directions of McIlvaine (2). The pH values of the final mixtures were 
checked with the quinhydrone electrode. 


SUMMARY 


The isoelectric points of soluble proteins can be roughly determined by 
noting the lowest pH level at which precipitates are formed with cationic 
detergents. 
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THE EQUILIBRIUM BETWEEN CALCIUM AND CEPHALIN IN 
VARIOUS SYSTEMS 


By NANCY DRINKER anp HANS H. ZINSSER 


(From the Department of Biochemistry, College of Physicians and Surgeons, Columbia 
University, New York) 


(Received for publication, October 15, 1942) 


The base-binding capacity of aqueous cephalin suspensions has been 
demonstrated for various inorganic cations (1-3) and for certain organic 
bases (4). Cephalin, in suspension, is capable of binding 0.6 mole of 
Nat or K* per mole at neutrality, and in general does not behave as an 
amphoteric compound (2). On the other hand, a marked contrast in its 
behavior with Ca** and with univalent cations respectively can be inferred 
from films (5) and suspensions (3, 6). 

It was felt that, as normal human serum contains 30 to 70 mg. per cent 
of free cephalin (7), the calcium-binding power of cephalin should be in- 
vestigated. Serum proteins, which have been shown to bind calcium (8), 
are accompanied to varying extents by electrophoretically inseparable phos- 
pholipids (9), and the fractions highest in lipid (10) have the highest cal- 
cium-binding ability (11). Horse serum albumin, which apparently loses 
its associated lipid during recrystallization (12), has only a slight calcium- 
binding capacity (8). It appeared possible that the association of phos- 
pholipid with protein might influence its dissociation. In the study here 
reported the reactions of calcium with cephalin alone and with cephalin 
in the presence of protein have been explored. 

EXPERIMENTAL 

Preparation of Cephalin—5 pounds of beef brains were successively 
treated twice with acetone and twice with petroleum ether in 3 liter lots. 
The petroleum ether solution was concentrated under nitrogen in vacuo, 
allowed to stand in the ice box overnight, and then centrifuged in the cold 
to remove the cerebrosides. This process was repeated until no more 
cerebrosides could be separated. The mixed phosphatides in the resulting 
solution were precipitated with acetone, shaken with saline to remove 
water-soluble impurities, and redissolved in petroleum ether. Cephalin 
was obtained by repeated precipitation from petroleum ether solution with 
cold 95 per cent ethanol. It was then dried in vacuo and stored under 
nitrogen in the ice box. Analysis, P 3.43, N 1.55, N:P 1.00, amino N 
1.49, amino acid N (13) 0.60, Ca (14) 0.5. 

Emulsification—Cephalin prepared as described was weighed out in a 
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dry 15 ec. centrifuge tube, and to this was added a measured amount of 
isotonic Ringer’s solution, as modified by McLean and Hastings (15), con- 
taining a known concentration of calcium chloride. This was subjected to 
prolonged stirring at 1500 to 2000 r.p.m. with a tapered glass rod. Before 
use in the frog heart, the emulsions were saturated with a 5 per cent CO,- 
95 per cent O2 mixture, which brought the pH to 7.4. Age had no notice. 
able effect on the calcium-combining capacity of these emulsions. 

The fine, quite stable emulsions yielded precipitates on centrifugation 
only when the cephalin concentration exceeded 1.5 per cent; this was taken 
as the upper limit for valia results in these investigations. An emulsion 
containing 2.04 per cent cephalin in a 2.0 mm solution of calcium chloride 
was allowed to stand in the ice box overnight and then centrifuged. As 
the calcium content of the resulting precipitate was no greater than that 
of the originally purified cephalin, the precipitation was ascribed to the 
excessive cephalin concentration and not to the formation of an insoluble 
calcium cephalinate. 

Ultrafiltration—U ltrafiltration was carried out according to the method 
of Benjamin and Hess (16), except that viscose membranes were used in 
place of collodion. Cephalin emulsions in modified Ringer’s solution of 
known calcium concentration were subjected to ultrafiltration at 180 mm. 
of Hg pressure for 4 to 5hours. The filtrate was then analyzed for calcium 
by the method of Clark and Collip (14). No phosphorus was obtained in 
the filtrates. 

Calcium Ion Concentrations—The calcium ion concentrations of the 
emulsions were determined by the frog heart method. An emulsion of 
cephalin in calcium-free Ringer’s solution contained no ionized calcium. 

Protein—The material used was a mixture of human serum proteins, 
consisting mainly of a- and 8-globulins, as determined by electrophoresis. 
It was dialyzed against calcium-free Ringer’s solution and then filtered to 
remove fibrin. The resulting solution contained 1.96 mg. of calcium and 
9 mg. of phospholipid per gm. of protein. Known amounts of calcium 
chloride were added to obtain appropriate total calcium concentrations. 
Calcium ion determinations were made by the frog heart method, and total 
protein was determined by the Kjeldahl method with the conversion factor 
6.25. Known amounts of cephalin were added to solutions of protein of 
known concentration and emulsified as described above. 


Results and Comments 


Action of Phosphatides on Frog Heart-—The calcium ion concentration in 
these experiments has been determined throughout by the frog heart 
method. It has, however, been suggested that phosphatides may cause 
toxic or pressor effects on the isolated heart (17-19) and thus invalidate 
measurements of calcium ion concentration. Clark (18), Kimmelstiel (19), 





of 
st. 
ar 
ac 


an 
th 


fu 


Cs 
th 
an 
th 


Wi 








N. DRINKER AND H. H. ZINSSER 189 


and Eggleton (20) observed independently that lecithin in very dilute emul- 
sion had no action on the fresh frog heart, but that it has a marked restora- 
tive action, characterized by increased amplitude and rate of beat, on the 
heart rendered hypodynamic by prolonged continuous perfusion. The 
present authors observed the same gradual increase in amplitude of beat 
with lecithin and were for that reason unable to estimate calcium ion con- 
centration in lecithin emulsions with the accuracy necessary for deductions 
as to the binding of calcium by lecithin. 

A similar restorative action of cephalin on the hypodynamic heart, re- 
ported by Storm van Leeuwen and von Szent GyGrgyi (21), has not been 
confirmed. Scheiner (22), Eggleton, and Kimmelstiel demonstrated that 
the introduction of a 1 per cent cephalin emulsion in Ringer’s solution pro- 
duced an immediate drop in the amplitude of the beat, followed by a cessa- 
tion of the beat in diastole. Prompt recovery occurred when Ringer’s 
solution rich in caletum was added. Conversely, the arrest caused by 


TaBLe I 
Ultrafiltration of Cephalin 
Temperature 25°, pH 7.40, ultrafiltration at 180 mm. of Hg for 4 to 5 hours. 


10? X KCaCeph 


Total cephalin Tota! cephalin Total calcium Filtrable calcium (Equation 2) 
me. per cc. mM per |. ma per i. quae por. ; 
3.44 3.79 1.85 0.92 2.83 
5.81 6.39 3.75 1.03 1.39 
6.89 7.57 2.30 0.37 ; 
11.63 12.75 4.51 0.47 1.01 


calcium excess could be remedied by the addition of cephalin. In the light 
of the present findings, it seems likely that the addition of cephalin to 
standard Ringer’s solution bound all the available calcium and that the 
arrest in diastole, characteristic of calcium lack, was counteracted by the 
addition of calcium over and above that bound by the cephalin. 

In the experiments here reported, the cephalin was found neither to exert 
an independent toxic effect nor to interfere with the rate or amplitude of 
the beat. Hearts in the presence of calcium-free Ringer’s solution alone 
showed the same diminution in rate and amplitude of beat as those per- 
fused with a calcium-free emulsion of cephalin in Ringer’s solution. 

Ultrafiltration of emulsions of cephalin in Ringer’s solution of varying 
calcium concentration was also carried out. The absence of phosphorus in 
the filtrate showed that cephalin and calcium cephalinate were not diffusible, 
and justifies the assumption that the ultrafiltrable calcium is a measure of 
the calcium not bound to cephalin. These determinations (Table I) agree 
with the results secured by the frog heart method. From this agreement 
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it was concluded that no toxic effect independent of calcium ion reduction 
was present, and that the presence of cephalin in such a system in no way 
affected the accuracy of determination of calcium ion concentrations by 
the frog heart method. 
Calcium-Combining Power of Cephalin Emulsions in Ringer’s Solution 
Calcium ion concentration was determined by the frog heart method in 
emulsions of various concentrations of calcium and cephalin. The results, 
given in Table II, have been correlated with various mathematical expres- 
sions. Mass law equations in the following forms have been tested. 


[Ca**][Ceph-|? £ 
a) [CaCeph,| i Kcaceph: 
where [total Ca] — [Ca**] = [CaCephe], and [total cephalin (gm.)]/910 
= [total Ceph], and [total Ceph] — 2[CaCephe| = [Ceph ], and 
(2) (Ca**}(Ceph=] - 7 

[CaCeph] CaCeph 

where [total Ceph| — [CaCeph] = [Ceph’]. It will be noted that, con- 
sidering cephalin as a univalent ion (Equation 1), values of A are obtained 
which increase progressively. On the other hand the K for the divalent 
form is probably as constant as the experimental method warrants (mean, 
1.27 X 10-*; standard deviation +0.09). The cephalin emulsions persist- 
ently showed a Tyndall effect even though clear to transmitted light, and 
the observed deviations might be indicative of a fallacy in the assumption 
that a substance present as an emulsion can behave stoichiometrically as 
a weakly dissociated electrolyte. An adsorption isotherm of the form, 


(3) X"/m = ke 


where X = weight of adsorbed calcium, m = weight of total cephalin, 
X/m = weight of calcium adsorbed per gm. of cephalin, ¢ = Ca unbound, 
and k and n are constants, was found to fit the data far less well than the 
mass law expression for divalent cephalin (Equation 2). Further justifi- 
cation for the mass law interpretation was obtained from the correlation of 
these data with the predictions of the modified mass law equation of Green- 
berg, Larson, and Tufts (23). 

Since Ringer’s solution contains other cations than Ca**, specifically 
Na*, K*, and Mg**, all potentially capable of binding cephalin, a correc- 
tion for their contribution to the apparent diminution in [Ceph”} was cal- 
culated from available data (1,2). It is likely that, as predicted deviations 
are only one-tenth the observed magnitude, the other cations in Ringer’s 
solution play a minor réle in the deviations coincident with increasing 


cephalin concentrations. 
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Cephalin As Uni-Bivalent Mixture—The finding of partial bivalent base- 
binding properties is in disagreement with data for the reaction with uni- 
valent cations in various solvents (2, 3, 6), but in accord with the original 
reaction postulated for calcium and cephalin (24). Variations in samples 


TaB_e Il 
Caleium-Combining Power of Cephalin 


Temperature 25°, pH 7.40. 
| | 


Tne Tota 7 . att 1 10° X lans 
tw ; kf Total calcium an ‘a Ca bound ae, whale 
mg. per cc mM per! mM perl mM perl. per cent 
0.40 0.44 1.30 1.00 23 0.47 
1.43 1.57 1.59 1.00 37 0.33 1.66 
1.43 1.57 1.59 1.10 34 0.22 2.43 
2.38 2.62 1.71 0.80 65 0.56 1.50 
2.80 3.08 2.36 1.20 49 0.60 1.99 
2 80 3.08 2.36 1.20 49 0.60 1.99 
2 80 3.08 2.36 1.00 58 0.10 1.27 
3.58 3.93 1.87 0.60 68 0.91 1.26 
$20) 1.61 2.55 0.80 69 0.56 1.31 
+. 20 1.61 2.55 0.70 73 0.31 1.05 
1 20 1.61 2.55 0.90 65 0.94 1.61 
1.78 5.25 2.02 0.60 70 2.45 1.62 
1.78 5.25 2.02 0.60 70 2.45 1.62 
1.78 5.25 2.02 0.50 75 1.61 1.23 
5.60 6.15 2.72 0.60 78 1.03 1.14 
5.60 6.15 2.72 0.60 78 1.03 1.14 
5.60 6.15 2.72 0.50 82 0.66 0.89 
7.18 7.90 2.33 0.30 82 2.16 0.87 
7.18 7.90 2.33 0.30 82 2.16 0.87 
7.18 7.90 2.33 0.30 82 2.16 0.87 
§ 40 9.99 3.09 0.50 84 3.15 1.28 
8.40 9.29 3.09 0.50 S4 3.15 1.28 
8.40 9.29 3.09 0.50 S4 3.15 1.28 
14.35 15.8 3.27 <0.20 >94 6.08 0.83 
16.80 18.4 4.19 <0.20 >95 5.42 0.72 
16.80 18.4 4.19 <0.20 >95 5.42 0.72 


as to salt and nitrogenous contaminants (25) and possible hydrolysis pro- 
ducts (24, 26) make interpretation of the present data difficult, but the most 
reasonable evaluation of the data and the observed deviation arises from 
the data of Folch (27), which would suggest that samples of cephalin, de- 
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pending upon the method of preparation, contain varying proportions of 
the types in which serine and aminoethanol are respectively combined, 
Univalent and bivalent properties may thus coexist in any one sample. To 
determine the apparent combining proportions of calcium and cephalin, 
an equation of the form, 


(a)(b — cx)? 
(c) bee Kcacephs 


where a = [Cat**], b = [total cephalin], c = [CaCeph,], and x = the ratio 
of Ceph to Ca in CaCeph., was solved for discrete values of a, b, and ¢ 


over the range studied. Keacepn, can be shown to be constant at 14 
< 10-° where x = 1.2. From the analytical results on this preparation for 


Molar Ratio Ca:Cephalin 
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Fic. 1. Titration of cephalin with calcium chloride 


amino N and amino acid N, rough apparent constants can be derived for 
serine and aminoethanol cephalin of the order A; = 4 X 10°-* and ky = 
1 X 10-° respectively. 

Cephalin, emulsified in distilled water, was titrated with neutral 0.085 
m calcium chloride. The pH, determined by means of the glass electrode, 
passed through a minimum when equimolar proportions of the reactants 
were present (Fig. 1). No attempt will here be made to interpret the find- 


ings of this experiment. 


Calcium-Combining Power of Protein 


The calecium-combining power of protein was determined in solutions of 
varying protein and calcium content, and the results are given in Table 
III. A Keaprop Was calculated by using the following equations and esti- 
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mations of the factor fp,., from the data of Drinker, Green, and Hastings 
(il). 
[Total Ca] = [Ca**] + [CaProt] 


[Prot] = [total Prot] — [CaProt] 


S prot X [total protein] 


[Total Prot] = _ 


(Ca**}[Prot=] 


. = — = 4,02 10-4 
CaProt [(CaProt] x 


K 
Tase III 
Calcium-Combining Power of Protein 
Temperature 25°, pH 7.40, fprot 0.27. 


10* X KcaProt Calcium bound 





Total protein Total protein Total calcium | Ca** observed i. [Ca**][Prot™] to protein 
{CaProt} 

mg. per ce. mM perl ma perl. mm perl. per cent 
2.17 0.30 1.51 1.30 5.56 13.9 
3.25 0.46 1.56 1.25 6.06 19.9 
3.25 0.46 1.56 1.30 10.0 16.7 
4.34 0.61 1.61 1.10 2.16 31.7 
4.34 0.61 1.61 1.20 5.86 25.5 
4.34 0.61 1.61 1.20 5.86 25.5 
4.34 0.61 2.01 1.50 2.94 25.4 
4.34 0.61 2.01 1.60 3.90 20.4 
4.34 0.61 1.61 1.20 5.86 25.5 
$.34 0.61 1.61 1.20 5.86 25.5 
4.75 0.67 1.63 1.10 2.91 32.5 
6.33 0.89 1.76 1.00 1.71 43.2 
6.33 0.89 1.76 1.10 3.83 37.5 
9.52 1.33 1.86 0.90 3.47 51.6 
9.52 1.33 1.86 0.95 4.38 49.0 


Calcium-Combining Power of Protein and Cephalin Mixtures 


The caleium-combining power of cephalin emulsions in solutions of 
protein is seen in Table IV. If the assumption is made that cephalin and 
protein act independently with respect to calcium, it would be expected 
that the total bound calcium would be the sum of that bound by either one 
alone, and the proportion of that unbound by the first would be bound by 
the other alone. This expected total bound calcium can be calculated 
from the data already presented. By comparison of the data it can be 
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seen, however, that experimentally the calcium bound by these cephalip- Q 
protein mixtures is at all concentrations less than the expected value. This t 
would seem to indicate that cephalin and protein can in some way inhibit | i 
one another’s calcium-binding capacity. It may be observed that the ex. r 
perimentally determined amount of bound calcium is very close to that 
bound by cephalin alone even when the cephalin concentration is low and 


TABLE IV t| 


Calctum-Combining Power of Protein and Cephalin Mixtures 


va 


Temperature 25°, pH 7.40. 


Total bound cal , I 

Total Total | Total _Ca** Total bound Total bound cium calculated _ “4!cium bound - 
cephalin protein calcium observed Pe me neal calcium found pane total pound aieee = 

ca lum un 
meg. per ce pans" jerk. ma perl by! or p " nd = je Poo = : 
0.45 | 9.52 1.92 1.20 1.06 55.5 0.72 37.5 0.34 18.0 0.19 10 

0.91 | 9.52 1.98 1.20 1.14) 70.8 0.78 39.4 0.36 31.4 0.30) 15 

2.17 | 5.71 | 1.96 1.00 1.34 68.4 0.96 49.0 0.38 19.4 0.96 49 be 
2.17 | 5.71 | 1.96 0.90 | 1.34 | 68.4 | 1.06 | 544.0 | 0.28 9.4 0.96 49 

2.72 | 9.52 | 2.21 0.80 1.50 | 68.0 1.41 | 63.8 0.09 1.2/1.21) & pl 

pe 

2.72 | 9.52 | 2.21 0.90 | 1.50 68.0 1.31 | 59.3 |) 0.19 8.9 | 1.21 55 th 

4.35 | 1.45 | 1.53 0.70 | 1.12 | 73.2 0.83 | 54.2 | 0.29 | 19.0 | 1.07 70 F 

1.35 | 1.45/1.53/ 0.50! 1.12 73.2 1.03 67.4/0.09 5.8 1.07 7 a 
5.43 | 9.52 | 2.57 0.50 | 2.25 | 87.6 | 2.07 | 80.5 | 0.18 7.1 | 1.92 75 
5.43 | 9.52 | 2.57 0.50 | 2.25 87.6 2.07 80.5 0.18 7.1) 1.92) 7% 

Pr 

6.53 | 2.17 | 2.36 0.50 | 2.14 90.6 1.86 79.0 0.28 11.6 2.08 80 PI 

6.53 | 2.17 | 2.36 0.30 | 2.14 | 90.6 | 2.06 | 87.4 | 0.08 3.2; 2.08 80 ; 

10.86 9.52 | 3.27) 0.30| 3.08 94.2 2.97 90.60.11 3.6 2.88 88 ” 
10.86 | 9.52 | 3.27 0.35 | 3.08 | 94.2 | 2.92 | 89.3 | 0.16 1.9 | 2.88 XS 

10.96 1.34 3.43 0.90 | 3.16 | 92.2 | 2.53 | 73.8 | 0.63 18.4 | 3.05 89 

10.96 4.34 3.43 0.80 3.16 | 92.2 2.63 76.6 0.53 15.6 3.05. 89 2. 

10.96 | 4.34 | 3.43 0.80 3.16 92.2 2.63 76.6 0.53 15.6 3.05. 89 3. 

13.06 | 4.34 | 3.31 0.20 3.13 94.6 3.11 94.0 0.02 06 3.05 J 

17.24 4.34 3.84 <0.20 3.71 96.6 3.64 95.0 0.07 1.6 3.65 % 5. 

6. 

that of the protein is high. This is compatible with the conclusions from i. 

x-ray data that the protein in cephalin-protein complexes is held between : 

micelles of cephalin (28). 9 

10. 

CONCLUSIONS 11. 

12. 


As cephalin can be shown to bind appreciable amounts of calcium, alone, 
and in the presence of protein, evaluation of the cephalin content of normal * 
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and pathological sera may serve to clarify the réle of plasma proteins in 
the regulation of calcium ion concentration. In the concentrations found 
in normal plasma, it would seem that 30 to 40 per cent of the bound calcium 
may be bound in non-diffusible form by cephalin. 


SUMMARY 


1. The physiological action of phosphatides, particularly cephalin, on 
the isolated frog heart has been investigated, and the validity of calcium 
ion determinations in the presence of cephalin has been demonstrated. 

2. The calcium-binding power of cephalin in Ringer’s solution has been 
followed by the frog heart method and a Kegcep, found to be of the order 
of 1.27 X 10-* over the physiological range. 

3. Cephalin in this system has been found to react with calcium pre- 
dominantly as a bivalent anion, but deviations from this have been ob- 
served and evaluated. 

t. The calcium-binding power of a protein of known constitution has 
been investigated and a Aegpro, found. 

5. The calcium-binding power of a mixture of the protein and cephalin 
preparations already investigated has been shown to be less than the ex- 
pected value for the two components separately and to depend largely on 
the cephalin content of the mixture, although the form of response is of a 
different order from that of either component alone. 


The authors wish to express their appreciation for the help given by 
Professor E. G. Miller, Jr. They also wish to thank the Department of 
Physical Chemistry of Harvard University for the protein used in this 
investigation. 
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DETERMINATION OF p-AMINOBENZOIC ACID, CONJUGATED 
p-AMINOBENZOIC ACID, AND p-NITROBENZOIC ACID 
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Numerous recent investigations (1-10) have stressed the biologic im- 
portance of p-aminobenzoic acid, and it is therefore desirable to have a 
chemical method for determining this substance in biologie fluids. 

The structural relationship between sulfanilamide and p-aminobenzoic 
acid is evident from the formulae. 


H,N< >COOH HNC >8O.NH, 


p-Aminobenzoic acid Sulfanilamide 


Of several methods in use for the determination of sulfanilamide and re- 
lated compounds perhaps the best is that of Marshall (11-13). It con- 
sists in diazotizing a trichloroacetic acid blood filtrate for 2 or 3 minutes 
with 0.1 per cent sodium nitrite, destroying excess nitrous acid with 0.5 
per cent ammonium sulfamate solution containing KH2PO, as a buffer, and 
finally developing a red color suitable for colorimetric determination by 
coupling the diazotized solution with dimethyl-a-naphthylamine.! A 
modification of this method has been found very satisfactory for the de- 
termination of p-aminobenzoic acid. The changes are briefly: (1) the 
concentration of sodium nitrite is increased from 0.1 to 0.2 per cent; (2) 
the concentration of ammonium sulfamate is increased from 0.5 to 2.0 per 
cent; (3) no buffer is used; and (4) the diazotization period is lengthened. 
Conjugated p-aminobenzoic acid may be determined after the same hy- 
drolysis procedure as that used by Marshall for sulfanilamide, since both 
compounds in the conjugated form are acetylated at the amino group (14). 

Studies in this laboratory have dealt with the pharmacologic properties 
of p-nitrobenzoic acid administered to animals (15) and with its effects when 


1 The later reagent of Bratton and Marshall (13) possesses certain advantages over 
dimethyl-a-naphthylamine and can be used equally well in all determinations in 
which the dimethyl-a-naphthylamine is used in this paper. At the time of this in- 
vestigation all the experimental work was carried out with the dimethyl-a-naphthyl- 
amine reagent. Several preparations of the new reagent obtained at this time 
proved to be of unsatisfactory quality and it was not until after this work was com- 
pleted that a high quality commercial product appeared on the market. 
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introduced into cultures of various microorganisms (5, 16). A method for 
the determination of the nitro compound in biologic fluids was therefore 
required. The method here described consists in reducing the p-nitro- 
benzoic acid to p-aminobenzoic acid which is then determined by the modi- 
fied Marshall method. The reduction of the nitro group to the amino 
group takes place rather easily, but not all methods of reduction are satis- 
factory for this analysis. Some of the reagents used were zine and hy- 
drochloric acid, stannous chloride, tin and hydrochloric acid, iron and 
hydrochloric acid; none of these proved sufficiently reliable and some of 
them interfered with the final analysis. Titanous chloride proved to be an 
excellent reducing agent. 

Apparatus 

A Klett-Summerson photoelectric colorimeter with green filter No. 56 
and matched test-tubes of 12.5 mm. diameter. 

15 by 150 mm., lipped Pyrex test-tubes graduated at 10 ml. and 12 ml. 

Reagents 

Sodium nitrite, 0.2 per cent, freshlv prepared 

Hydrochloric acid, approximately 4 N. 

Ammonium sulfamate (LaMotte), 2 per cent. This is a much stronger 
solution than is necessary, but assures complete destruction of excess nitrite 
during the analysis. 

Dimethyl-a-naphthylamine (Eastman), ml. in 250 ml. of 95 per cent 


alcohol. 
Titanous chloride (LaMotte), 20 per cent solution, standardized 
Trichloroacetice acid (Merck), 15 and 2.7 per cent solutions. The latter is 


conveniently prepared by diluting 18 ml. of the 15 per cent solution to 
100 ml. 

p-Aminobenzoic acid and p-nitrobenzoie acid (Mastman) solutions. 
Each contains 100 mg. of the solute in 100 ml. of 2.7 per cent trichloroacetic 
acid. From these stock solutions dilutions are made for standards or re- 
covery experiments in blood. Eastman chemicals are used after being 
recrystallized from water. 

Sulfanilamide (Winthrop), 100 mg. of sulfanilamide in 100 mil. of the 
dilute trichloroacetic acid. 

Tartaric-hydrochloric acid mixture. Add 36 gr. Ol tartaric acid (East- 
man) and 42 ml. of concentrated hydrochlorie acid to 100 ml. of distilled 
water. This solution has a slight vellow color which does not interfere with 
the test. 


Procedure 


Preparation of Blood Filtrates—-Measure 2 ml. of oxalated or citrated 
blood into 50 ml. flasks, add 30 ml. of distilled water, and mix thoroughly. 








) 
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Allow laking to take piace for 5 minutes. Add 8 ml. of 15 per cent 
trichloroacetic acid slowly with rotation. Shake the mixture vigorously and 
allow to stand for 15 minutes. Filter through filter paper. The filtrate is 
used for determination of p-aminobenzoic acid, p-acetylaminobenzoic acid, 
and p-nitrobenzoic acid. 

Determination of p-Aminobenzoie Acid in Blood Filtrates—Place 10 ml. 
of the blood filtrate in a 50 ml. flask and add 2 ml. of water. Add 1 ml. of 
0.1 per cent sodium nitrite solution and allow the mixture to stand for from 
15 to 20 minutes. Then add 1 ml. of 2 per cent ammonium sulfamate, mix 
well, and let stand for from 2 to 3 minutes. Finally, add 5 ml. of the aleo- 
holie dimethyl-a-naphthylamine and allow to stand for from 30 to 60 
minutes in order to develop the maximum color. Read in the colorimeter 
with the blank set at zero. The blank for this determination, and also that 
for the conjugated (acetylated) p-aminobenzoic acid, consists of 10 ml. of 
2.7 per cent trichloroacetic acid solution treated exactly as above. 

Determination of Conjugated (Acetylated) p-Aminobenzoic Acid— Place 
10 ml. of the blood filtrate in a graduated Pyrex test-tube and add 0.5 ml. of 
{x hydrochloric acid. Place the tube in a boiling water bath for 1 hour, 
cool to room temperature, and dilute the mixture with water to the 10 ml. 
mark. ‘Transfer to a 50 ml. flask and rinse the tube with 2 ml. of water, 
adding this rinsing to the first solution. The solution is now treated ex- 
actly as in the case of the free p-aminobenzoic acid. 

Determination of p-Nitrobenzoic Acid in Blood Filtrates—-Place 10 ml. of 
the blood filtrate in a graduated Pyrex test-tube and add 1 mil. of tartaric- 
hydrochloric acid mixture and 2 drops of 20 per cent titanous chloride. 
The function of the tartaric-hydrochloric acid mixture is to prevent the 
formation of insoluble titanic acid on heating. Mix the contents of the 
tube well by rotating and then place in a boiling water bath for from 10 to 
15 minutes. Cool the tube rapidly to room temperature and dilute the 
mixture with water to the 12 ml. mark. Transfer to a 50 ml. flask. Add 
| ml. of 0.2 per cent sodium nitrite solution, mix, and let stand for 20 min- 
utes with occasional swirling. This last step removes the remaining traces 
of titanous ion and also diazotizes the amine. Add 1 ml. of 2 per cent am- 
monium sulfamate, mix, and allow to stand for from 2 to 3 minutes. 
Finally, add 5 ml. of alcoholic dimethyl-a-naphthylamine and allow the 
color to develop from 4 to 5 hours before reading. This longer time is 
necessary for maximum color development, since the rate of coupling is 
greatly reduced in the presence of the additional reagents. The mixture 
may stand overnight at this point, without danger of fading. If the 
colored solution is not clear, centrifuge. Read in the colorimeter against a 
blank set at zero. The blank is 10 ml. of 2.7 per cent trichloroacetic acid 
solution treated exactly as is the sample. 
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Standards—A standard containing 0.025 mg. of p-aminobenzoic acid or an 
equivalent amount of sulfanilamide may be used. It is treated exactly as 
described under the determination of p-aminobenzoic acid. Sulfanilamide 
is a convenient standard, since in solution it keeps indefinitely in a coo] 
dark place. 

Calculations 


With the Klett-Summerson photoelectric colorimeter, readings are 
directly proportional to the concentration of the substance being de- 
termined: the factor equals the amount of standard divided by the scale 
reading. To calculate free p-aminobenzoic acid, the scale reading is multi- 
plied by the factor, with suitable corrections for the relative molecular 
weights if sulfanilamide was used as the standard. Conjugated p-amino- 
benzoic acid is determined by comparing the amounts found before and 
after hydrolysis. 

In determination of p-nitrobenzoic acid, the amounts of free and con- 
jugated p-aminobenzoic acid are subtracted from the total amount found 
after reduction with titanous chloride. The difference, representing p- 
aminobenzoic acid derived from p-nitrobenzoic acid, is converted to the 
equivalent weight of p-nitrobenzoic acid, and the value so found is divided 
by 0.788 to correct for the fact that recovery was only 78.8 per centof the 
theory in horse blood filtrates, as is described below. 


EXPERIMENTAL 


Conformity of Color Formation to Beer’s Law—Color production by p- 
aminobenzoic acid was found to follow Beer’s law. Similar experiments 
were performed with sulfanilamide and sodium p-aminobenzoate (Fig. 1). 
The factors are directly proportional to the molecular weights of the com- 
pounds over the concentration range 0.0025 to 0.05 mg. per 100 ml. 

Recovery of p-Aminobenzoic Acid from Blood—Recoveries of p-aminoben- 
zoic acid added to horse blood in concentrations of 20, 10, 5, 2.5, and 1.25 
mg. per cent were 96, 99, 96, 96, and 103 per cent respectively, average 
98 percent. Thus, the recovery of p-aminobenzoic acid from blood is of the 
same order as that of sulfanilamide which, at this dilution, is around 95 per 
cent. No attempts were made at this time to determine the percentage 
recovery of p-acetylaminobenzoic acid, for there is little reason to assume 
any difference in the ease of hydrolysis of this compound and acetylated 
sulfanilamide. Experiments showed that conjugated p-aminobenzoic acid 
in blood filtrates is completely hydrolyzed in a boiling water bath in 1 hour 
or less. Blood filtrates diluted 1:20 and 1:40 were analyzed for conju- 
gated p-aminobenzoic acid and no significant difference was found in the 
results at the two dilutions. This indicates that coprecipitation with pro- 
teins is probably not an important source of error. 
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Reduction of p-Nitrobenzoic Acid to p-Aminobenzoic Actd—Reduction of 
p-nitrobenzoic acid is quantitative (99 per cent) in dilute trichloroacetic 
acid corresponding to a 1:20 blood filtrate (Table I). 2 drops of 20 per cent 
titanous chloride were found ample for the reduction. Table I shows that 
at the end of 15 minutes heating in a boiling water bath the reduction is 
quantitative, but after longer periods there is a considerable loss. For ex- 
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SCALE READINGS (Kiett-Summerson Photoelectric Colorimeter ) 


Fig. 1. Conformity of color formation to Beer’s law and relationship of color 


intensities. 


TABLE I 


Reduction of p-Nitrobenzoic Acid in Dilute Trichloroacetic Acid Solutions 
Corresponding to Concentration of 1:20 Blood Filtrate 





Time of heating for reduction 





p-Nitrobenzoic acid = 





15 min. | 60 min. 
mg. per cent per a _ per cent 
12.5 98 | 87 
6.25 99 89 
3.13 100 88 
1.56 92 
0.78 102 95 











ample, after the reduction mixture is heated for 1 hour, the recovery of p- 
aminobenzoic acid is only 90 per cent of the theoretical. Heating at a lower 
temperature during the reduction also gave low results, unless the heating 
was continued for a much longer time. Samples reduced in a boiling water 
bath and then left at room temperature for several hours before further 


treatment sometimes gave very low values. Therefore, it is important to 
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proceed with the diazotization immediately after rapid cooling of the re- 
duction mixture. 

Recoveries of p-Nitrobenzoic Acid Added to Horse Blood—Recoveries of 
p-nitrobenzoic acid from horse blood were only about 78.8 per cent. The 
reason for this low recovery could not be determined. If heating is con- 
tinued for 1 hour, the recovery drops to around 72.5 per cent; after 10 
minutes at 65-75°, the recovery is only about 16 per cent of the amount 
theoretically present. However, the results seem to be very consistent, 
since practically the same percentage recoveries were obtained in blood 
samples from four different horses, including some 60 specimens covering 
the range 1.25 to 20.0 mg. per cent. The analysis was carried out at differ- 
ent protein concentrations by varying the dilution of the blood sample from 
1:20 to 1: 100, but the percentage recovery was the same in the presence of 
the different amounts of blood protein. Moreover, the same percentage 


TABLE I] 
Recoveries of p-Nitrobenzoic Acid from Horse Blood 


Sample heated 10 to 15 minutes at 90-100°. 


Theory Found Recovery 

meg. per ceni me. per cent per cent 

20.0 15.4 77.0 

10.0 7.87 78.7 

5.0 3.94 78.8 

2.5 1.97 78.8 

1.25 1.01 SOS 

Average 75.8 


recoveries were obtained when widely varying amounts of p-nitrobenzoie 
acid were added to a given amount of blood (Table II). It does not seem 
probable, therefore, that the low results are due to coprecipitation. The 
results shown in Table IT are typical and indicate that a correction factor of 
0.788 must be used in calculating the amount of p-nitrobenzoic acid in 
blood. 

Effect of Titanous Chloride on p-Aminobenzoic Acid— Solutions containing 
10 mg. per cent of p-aminobenzoic acid were treated exactly as in the 
procedure for determining p-nitrobenzoic acid. At the end of 15 minutes 
heating, the loss was less than 3 per cent; at the end of 1 hour, it was nearly 
15 percent. This accounts for some of the losses on continued heating, but 
it does not explain the great loss in recoveries of p-nitrobenzoic acid from 
blood filtrates. 
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Determination of p-Aminobenzoic Acid in Media—For the determination 
of p-aminobenzoic acid in broth cultures, the cultures are passed through a 
porcelain filter and 2 ml. samples of the filtrate mixed with 8 ml. of distilled 
water and 2 ml. of 15 per cent trichloroacetic acid. The determination is 
earried out as described under blood filtrates. The sample is centrifuged 
until clear and is then ready to be read in the colorimeter with a suitable 
blank set at zero. 

The determination of p-nitrobenzoic acid in broths or other media 
presents special difficulties. If the material is cloudy and cannot be easily 
cleared by centrifuging, as in the case of pneumococcus cultures, it is treated 
as previously described and the color allowed to reach a maximum. Some 
Celite? or similar substance is then added to clarify the suspension and the 
colored solution is centrifuged until clear; the centrifuge tubes are capped to 
prevent evaporation. The colored solutions should not be filtered, since 
as much as 20 to 25 per cent of the color may remain on the paper. In the 
presence of the concentrations of phosphate ordinarily in culture media 
(0.1 to 0.2 per cent), the method for the determination of p-nitrobenzoic acid 
is not applicable; but the limiting concentration of phosphate was not 
determined. 

When colored broths are analyzed, a blank on the untreated broth must 
be determined. 

Specificity and Sensitivity—Certain chemicals, such as phenol, cresol, 
m- and o-aminobenzoie acids, aniline, sulfanilamide compounds, and many 
other related substances give color reactions by this method but are gener- 
ally not found in biologic fluids. It might be mentioned here that peptone 
broths sometimes give a slight color under the conditions of the method and 
this interference has been traced to the presence of tryptophane (17). 
Blood filtrates from normal animals give no reaction. 

The reaction described is extremely sensitive and 1 y of p-aminobenzoic 
acid can easily be determined in 10 ml. of filtrate. By suitable reduction 
of volumes a still greater sensitivity may be attained and it is possible to 
determine 0.1 y in 1 ml. of filtrate if special small colorimeter tubes are used. 


SUMMARY 


A method is presented for the determination of p-aminobenzoic acid, 
p-acetylaminobenzoie acid, and p-nitrobenzoie acid in blood or other biolo- 


gic fluids. 


The author wishes to express his appreciation of the criticisms and sug- 
gestions of Dr. Mary C. Pangborn. 


? Celite analytical filter aid (Johns-Manville). 








204 DETERMINATION OF p-AMINOBENZOIC ACID 


BIBLIOGRAPHY 


. Woods, D. D., Brit. J. Exp. Path., 21, 74 (1940). 
. Rubbo, 8. D., and Gillespie, J. M., Nature, 146, 838 (1940). 
3. Ansbacher, S., Proc. Soc. Exp. Biol. and Med., 44, 248 (1940); Science, 98, 164 


(1941). 


. Selbie, F. R., Brit. J. Exp. Path., 21, 90 (1940). 

- Miller, J. K., J. Pharmacol. and Exp. Therap., 71, 14 (1941). 

. Strauss, E., Lowell, F. C., and Finland, M., J. Clin. Inv., 20, 189 (1941). 
. Martin, G. J., and Ansbacher, S., /. Biol. Chem., 138, 441 (1941). 

. Janeway, C. A., J. Am. Med. Assn., 116, 941 (1941). 

9. Landy, M., and Wyeno, J., Proc. Soc. Exp. Biol. and Med., 46, 59 (1941). 

. Fildes, P., Lancet, 1, 955 (1940). 

. Marshall, E. K., Jr., J. Biol. Chem., 122, 263 (1937-38). 

12. 
. Bratton, A. C., and Marshall, E. K., Jr., 7. Biol. Chem., 128, 537 (1939). 

. Harrow, B., Power, F. W., and Sherwin, C. P., Proc. Soc. Exp. Biol. and Med. 


Marshall, E. K., Jr., and Litchfield, J. T., Jr., Science, 88, 85 (1938). 


24, 422 (1926-27). 


. Miller, J. K., in Annual report of the Division of Laboratories and Research, New 


York State Department of Health, Albany, 9 (1940). 


. Miller, J. K., J. Pharmacol. and Exp. Therap., 72, 354 (1941); J. Bact., 42, 133 


(1941). 


. Eckert, H. W., J. Biol. Chem., 148, 205 (1943). 











ce 


pe 
fre 
ar 














A NEW MICRO COLORIMETRIC METHOD FOR THE DETER- 
MINATION OF TRYPTOPHANE 
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Colorimetric methods for the microdetermination of tryptophane fall into 
four classes: (a) reactions with aldehydes in acid solution (1, 2); (b) reaction 
with glyoxylie acid (3); (¢) reaction with mercury salts and nitrous acid 
(4, 5); (d) determination after isolation of tryptophane from its mercury 
salt (6). Each of these methods has certain disadvantages: lack of speci- 
ficity, the necessity of preliminary separation of tryptophane as the mercury 
salt, or the requirement of a long time for the development of color. 

In determinations of p-aminobenzoic acid in peptone broth by a modifi- 
cation of Marshall’s method for the determination of sulfanilamide com- 
pounds (7), a faint red color that developed in the broth was traced to the 
presence of tryptophane. This color was very slight and interfered little 
with the determination of p-aminobenzoic acid. However, if the amount of 
sodium nitrite was increased and the period of diazotization prolonged, the 
intensity of color was greatly increased, making possible the utilization of 
the reaction for a colorimetric determination of tryptophane. This paper 
presents the details of the method, which offers certain advantages over the 
methods previously available. 

Reagents 

Sodium nitrite, c.p., | per cent solution freshly prepared. Dissolve 1 
gm. in 100 ml. of distilled water. 

Ammonium sulfamate (LaMotte), 4 per cent solution. Dissolve 4 gm. 
in 100 ml. of distilled water. 

N-(1-Naphthyl)ethylenediamine dihydrochloride (LaMotte or East- 
man), 0.1 per cent solution. Dissolve 100 mg. in 100 ml. of distilled water. 
Keep in a dark brown bottle in a cool, dark place. When it becomes col- 
ored, discard it. 

Hydrochloric acid, c.P., approximately 1.2 nN. Dilute 10 ml. of the con- 
centrated acid to 100 ml. with distilled water. 

Standard tryptophane solution. This contains 0.05 mg. of tryptophane 
per ml. of 1.2 N hydrochloric acid; it darkens on standing and should be 
freshly prepared each time it is to be used. The most convenient stand- 
ard contains 0.10 mg. of tryptophane in 5 ml. and is prepared by diluting 
2 ml. of the stock solution with 3 ml. of 1.2 Nn hydrochloric acid. 
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Apparatus 

Any suitable colorimeter. A Klett-Summerson photoelectric colorimeter 
with green filter No. 56, equipped with matched test-tubes having a diam- 
eter of 12.5 mm., has been found very satisfactory. 

Erlenmeyer flasks, 50 ml. (glass-stoppered flasks are preferable). 

Method I— Add | ml. of 1 per cent sodium nitrite to the sample contained 
in 5 ml. of 1.2 N hydrochloric acid in a 50 ml. Erlenmeyer flask; allow the 
mixture to stand for 30 minutes, occasionally swirling to assure proper 
mixing. Add 4 ml. of 4 per cent ammonium sulfamate solution and mix 
thoroughly. After 10 minutes, add 10 ml. of distilled water. This pre- 
vents formation of bubbles of nitrogen on the walls of the tube and thus 
facilitates the colorimetric reading. Finally, add 5 ml. of 0.1 per cent 
N-(1-naphthyl)ethylenediamine dihydrochloride solution. A red color 
begins to develop immediately in the presence of tryptophane and reaches a 
maximum.in from 30 to 60 minutes. Readings were taken at 30, 60, and 


TaBLe | 
Stability of Color Extracted by n-Butyl Alcohol 


+0.26 mg. of tryptophane (extracted 60 minutes after reacting). 


Time of reading after extraction Colorimetric readings Decrease 

per cent 
Immediately 185 0 
30 min. 185 0 
— 185 0 
90 ° {85 0 
15 hrs. 120 13 


4 minute intervals, but in routine practice the 30 minute reading has been 
found sufficient. 

If the material to be analyzed is perfectly colorless, the blank consists 
simply of 5 ml. of 1.2 ~ hydrochloric acid treated in the same way as the 
sample. If the sample is known to give some color other than red, a close 
approximation may be secured by adding a small amount of sodium sulfite 
to the colored solution after the reading in the colorimeter is taken. After 
the red color has disappeared, the blank reading is made. Similarly, the 
addition of KH.PO, and NaNOs: will also discharge the red color, or the 
sample may be treated exactly as described except that in the last step 
5 ml. of water are added instead of the 0.1 per cent N-(1-naphthyl)ethyl- 
enediamine dihydrochloride. Neither of these methods yields a_ true 
blank but the approximation is sufficiently close. 

When the photoelectric colorimeter has been standardized and the factor 
is known, the instrument need be checked only occasionally. 
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By reducing all quantities to one-fifth of those given above, the determin- 
ation may be performed directly in the colorimeter tube in a total volume of 
5 ml., the smallest amount practical to use in the tubes of the Klett-Sum- 
merson photoelectric colorimeter. In this case a standard containing only 
0.02 mg. of tryptophane in | ml. of 1.2 N hydrochloric acid may be used and 
the analysis may be carried out on a sample representing only a few mg. of 
hydrolyzed protein. 

Method II—The following procedure is useful when the material to be 
analyzed is so highly colored that the blank corrections described are in- 
adequate. After the maximum color has been developed in the samples, 
blank, and standard, as described under Method I, add 10 ml. of n-butyl] 
aleohol and 5 gm. of sodium chloride. Then shake the mixture thoroughly 
to extract the color, using either a separatory funnel or a glass-stoppered 
flask or cylinder, until no red color remains in the aqueous layer. Filter 
8 or 9 ml. of the butyl alcohol layer immediately through paper into 
colorimeter tubes, place corks in the tubes, and take readings. The 
color is stable in n-butyl! alcohol for at least 13 hours (Table 1). 


Calculations 
The readings are taken on samples, blanks, reagent blank, and standard, 
with the reagent blank set at zero for each reading. The blank readings are 
then subtracted from the corresponding sample readings. This corrected 
value multiplied by the factor (mg. of tryptophane in the standard divided 
by the reading of the standard) equals the mg. of tryptophane in the sample. 


EXPERIMENTAL 


As already mentioned, the only changes necessary to adapt the method 
for p-aminobenzoic acid to the determination of tryptophane were increase 
in the amount of sodium nitrite and lengthening of the diazotization period. 

Concentration of Sodium Nitrite—To investigate the effect of increased 
concentrations of nitrous acid on the intensity of color, the period of diazo- 
tization was kept constant and the amount of sodium nitrite was varied. 
The results showed that a maximum color intensity was obtained when 1 ml. 
of 1 per cent sodium nitrite was used for each 5 ml. of the sample in 1.2 
N hydrochloric acid. This concentration was accordingly selected for use. 
Further increase of sodium nitrite resulted in a decrease of color intensity 
(Table II). 

Period of Diazotization——The effect of the time of diazotization on the 
color intensity was determined by using the conditions outlined in Method 
I and varying the time of diazotization. It was found (Table III) that 
with increase of the diazotization period up to 90 minutes the color became 
more intense. It appears that a longer period of diazotization would be 
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required to give the maximum intensity of color, but further experiments 
show that the maximum need not be reached to obtain reproducible results, 
The increase between 60 and 90 minutes is small compared with that be- 
tween 30 and 60 minutes, suggesting that the maximum color intensity 
occurs soon after the 90 minute period. 

Effect of Concentration of Hydrochloric Acid on Development of Color 
Intensity—10 ml. portions of various concentrations of acid were substituted 
for the 10 ml. of water added just before addition of the N-(1-naphthyl)- 
ethylenediamine dihydrochloride. The results (Table IV) show that the 
intensity of color decreases with the increased concentration of acid. 


TaBLe II 
Effect of Increase of NaNO, on Color Intensity 


5 ml. sample equivalent to +0.26 mg. of tryptophane. 
Colorimetric reading at end of 


Amount of 1 per cent 
NaNO? added 


30 min 60 min. 90 min. 
mi. 
1 236 240 236 
2 216 217 212 
3 202 202 198 
TaBLeE III 


Effect on Color Intensity of Period of Diazotization 
5 ml. sample containing +0.26 mg. of tryptophane. 
os pes mat is 


Colorimetric reading at end of 


Period of 
diazotization 
30 min. 60 min. 90 min. 
min. 
30 212 226 226 
60 256 270 268 
90 280 280 274 


Conformity to Beer’s Law—After conditions for maximum color develop- 
ment in a given time of diazotization were selected, it was desirable to check 
the determination for its conformity to Beer’s law. Method I was used, 
the period of diazotization being varied and with readings at 30, 60, and 
90 minute intervals (Table V and Fig. 1). The maximum readings are 
reached at the 60 minute interval but vary little from those of the 30 or 90 
minute interval. The intensity of color produced at the end of the 90 
minute period of diazotization is higher than that produced by the 30 
minute period but follows Beer’s law equally well. The average factors 
with the maximum deviation are as follows: 30 minute period of diazotiza- 
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tion, 0.00101, 1.0 to 2.0 per cent; 90 minute period of diazotization, 


0.00091, 2.2 to 3.3 per cent. 
Before the present procedure was developed, dimethyl-a-naphthylamine 
was used in place of N-(1-naphthyl)ethylenediamine. At least 6 hours 


TaBLe IV 
Effect of Concentration of Hydrochloric Acid on Color Intensity 
5 ml. sample equivalent to +0.26 mg. of tryptophane. 


Concentration of HCl Colorimetric reading at end of 
added after destruction __—— é 





of excess nitrous acid 30 min. 60 min. 90 min. 
N a a a ey o> 

12 13 18 18 

9 22 33 32 

6 38 53 52 

3 97 142 | 142 

0 240 256 249 

TaBLe V 





Conformity of Method I to Beer’s Law 





; : Colorimetric readings at end of Factor X 107% 

Trypto- Period of i en a ee Average 
phane diazotization : : E . a al : factor 

30 min. 60 min, 90 min. 30 min. | 60 min. | 90 min. 

me. min. 

0.051 30 51 50 49 1.00 1.02 1.04 0.00102 
0.102 30 101 102 100 1.01 | 1.00 1.02 | 0.00101 
0.153 | 30 150 | 152 «49 | «1.02 | 1.01 | 1.08 | 0.00102 
0.204 30 207 208 205 0.99 | 0.98 | 1.00 | 0.00099 
0.255 30 253 257 253 «| «21.01 0.99 1.01 | 0.00100 
0.051 90 55 56 56 | 0.93 | 0.91 0.91 
0.102 90 111 112 113 0.92 0.91 0.91 0.00091 
0.153 90 163 167 166 | 0.95 | 0.92 0.92 0.00093 
0.204 | 90 225 227 | 227 | 0.91 | 0.90 0.90 | 0.00090 
0.255 | 90 75 | 280 280 | 0.93 | 0.91 0.91 0.00092 
0.051 | 90 56 | (57 | 87 | 0.91 0.90 0.90 | 0.00090 
0.102 90 16 | «Wh |lhCUi | 0.89 | 0.87 0.87 | 0.00088 
0.153 90 166 169 | 168 | 0.92 0.91 0.91 0.00091 
0.204 90 225 229 | 226 | 0.91 | 0.89 | 0.90 | 0.00090 


0.255 90 275 278 | 275 


0.93 0.92 | 0.93 0.00092 


were required for maximum color development, as is shown in Fig. 2. The 
dimethyl-a-naphthylamine was used as an alcoholic solution, 1 ml. diluted 
to 250 ml. with 95 per cent aleohol. Control experiments in which varying 
amounts of alcohol were added to the standard tryptophane solutions 
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analyzed as in Method I showed that there was very little, if any, retarda- 
tion of color formation even when the amount of alcohol was larger than 
that introduced in the dimethyl-a-naphthylamine reagent; therefore, the 
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SCALE READINGS ( Klett-Summerson Photoelectric Colorimeter ) 


Fig. 1. Conformity of Method I to Beer’s law. Constancy of colorimetric factor ' 
with varying amounts of tryptophane and two different periods of diazotization, / 


N-(1-naphthyl)ethylenediamine dihydrochloride being used in a final volume of 25 
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SCALE READINGS (Kiett-Summerson Photoelectric Colorimeter ) 


Fic. 2. Effect of time on development of color when dimethyl-a-naphthylamine 


is used (final volume, 12 ml.). 








slow rate of color formation could not be attributed to the aleohol present 
but must be due to the dimethyl-a-naphthvlamine itself. The shades and 
intensities of color developed by these two reagents could not be distin- 
guished from one another. 
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Effect of Heat and Light—Heat must be avoided in all steps of the de- 
termination. Although heat hastens the development of color, it also 
causes fading to start immediately; if applied during the diazotization 
period, it prevents the final color development. Light seems to have no 
effect on the color for short periods of time, but fading occurs after the 90 
minute readings. The colored solutions should not be exposed to direct 
sunlight. 

Recovery of Added Tryptephane—Known amounts of tryptophane were 
added to hydrolysates of serum albumin, and the amounts recovered are 
recorded in Table VI. The fact that only 90 per cent of the largest added 
amount was recovered suggests that the diazotization reaction may not 
have been complete; the diazotization period should perhaps have been 
increased to 90 minutes. It should also be called to mind that the per- 
centage of tyrosine in albumin is high, about 4.7 per cent. The percentage 
of tryptophane found in the serum albumin was 0.55 as compared with 0.53 


TaBLe VI 
Recovery of Added Tryptophane from Hydrolysates of Serum Albumin 


15.9 mg. of serum albumin per ml. of sample. 


Amount of tryptophane used Tryptophane recovered Per cent recovery 
me. me. 
0.051 0.050 98 
0.102 0.097 95 
0.153 0.144 90 


reported by others (8). The only other protein analyzed was commercial 
gelatin, which gave 0.015 per cent, reported in the literature as 0.00 per cent. 
Specificity—-The amino acids most likely to interfere, phenylalanine, 
proline, histidine, and tyrosine, were tested. Tyrosine in large amounts 
gives a very slight yellow color; however, the amount of tyrosine would have 
to be so much larger than the amount of tryptophane present that the 
possibility of interference is negligible. In addition to the amino acids, 
riboflavin and nicotinic acid were tested, but gave no reaction whatever. 
There are, however, other compounds that produce colors and interfere with 
the determination. They are o-, m-, and p-aminobenzoic acids (a deep red 
color); phenol and cresol (yellow to orange-red color); and indole and 
skatole (a deep red color). It is immediately apparent that the test is not 
specific for tryptophane alone. Tyrosine, a phenol and also an amino acid, 
does not give the same reaction as phenol. This is, no doubt, due to the 
fact that the para position to the hydroxyl group is blocked by the a- 
aminopropionic acid. The para position of a phenol is the most reactive, 
and, if it is blocked, the formation of a p-nitrosophenol is prevented. Aro- 
matic amines and phenols are not likely to be found in protein samples. 
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DISCUSSION 


It is evident that none of the common amino acids gives any interfering 
color, since no such interference took place in the hydrolysates of albumin 
or gelatin. The other types of compounds that would interfere with the 
determination are few and generally not found in protein hydrolysates, 
The nature of the reaction is not known. 


SUMMARY 


A new reaction is presented for the determination of tryptophane in 
amounts from 0.01 to 0.25 mg. No other amino acid gives the reaction 
except tyrosine in amounts far exceeding that ordinarily found in proteins, 
Thus, it is possible to perform the determination directly on hydrolysates 
without removing the other amino acids. 


The author wishes to express his appreciation of the criticisms and sugges- 
tions of Dr. Mary C. Pangborn. 
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THE CHROMOGENIC EFFECT OF VARYING MIXTURES OF 
ANDROSTERONE AND DEHYDROISOANDROSTERONE 


By ELEANOR SAIER, ROBERT C. GRAUER, ann WILLIAM F. STARKEY 


(From the Department of Research in Endocrinology and Metabolism, William H. 
Singer Memorial Research Laboratory, Allegheny General Hospital, Pittsburgh) 


(Received for publication, December 28, 1942) 


After it was established that the calibration curves of androsterone and 
dehydroisoandrosterone are different (1), it became desirable to determine 
the influence of one of the crystalline hormones on the chromogenic effect 
of the other. This work was carried out as a preliminary step to studying 
the biological effect of similar mixtures. Since it was shown that the 
values for androsterone and dehydroisoandrosterone give calibration curves 
which superimpose when alcoholic KOH is employed (2, 3) and do not 
superimpose when aqueous KOH is used (4, 5), the latter method was 
employed. While the present reports were in the process of development, 
Friedgood and Whidden (6) published curves secured with mixtures of 
androsterone and dehydroisoandrosterone when aqueous KOH was em- 
ployed, having a different object in view. 

The study of the mixtures of crystalline androsterone and dehydroiso- 
androsterone' was made with both the Neustadt technique and the Fried- 
good and Whidden technique. These methods were employed because 
each reveals a difference in the intensity of the color produced by the two 
hormones. Five mixtures of the two crystalline hormones were dissolved 
in 60 per cent alcohol when the Neustadt method was followed and in 95 
per cent alcohol when the Friedgood and Whidden method was employed. 
The solutions studied were 100 per cent androsterone, 75 per cent andros- 
terone + 25 per cent dehydroisoandrosterone, 60 per cent androsterone + 
40 per cent dehydroisoandrosterone, 50 per cent androsterone + 50 per 
cent dehydroisoandrosterone, 40 per cent androsterone + 60 per cent 
dehydroisoandrosterone, 25 per cent androsterone + 75 per cent dehydro- 
isoandrosterone, and 100 per cent dehydroisoandrosterone. The K values 
for each mixture throughout the range studied were calculated according 
to the law of Lambert and Beer, from which a mean K value, with its 
standard deviation, was obtained. 

Calibration curves were derived for the individual hormones (1) and also 
for each of their mixtures from the experimental data by the method of 
least squares. A composite plot was made in order to show the position 


‘The androsterone and dehydroisoandrosterone employed in these studies were 
supplied by Ciba Pharmaceutical Products, Inc., through the kindness of Dr. Ernst 


Oppenheimer. 
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TABLE I 
Determinations by Neustadt Technique 
A. = androsterone, D. = dehydroisoandrosterone, C = concentration of hormone 
per ec. of final volume of colored solution, K = relationship of chromogen produced, 
as influenced by specific conditions, to the filter used. Equation of line, L = nega- 
tive log of the light transmitted (2 — log @), M = amount of hormone (mg.) in the 
total volume of solution. 


No of Stand 
Solution nl Range of ( =“ P~ 4 Equation of line 
tions tion 
meg. per ce 

100% A 70 =.0.0070-0.2857. 4.78 0.20 L=0.158M + 0.0121 
75% “* + 25% D 51 | 0.0036-0.2857 4.94 0.15 = 0.166M + 0.0113 
60% ‘* + 40% “ 48 0.0036-0.2857 5.53 0.23 ‘* = 0.1891M + 0.0055 
50% ‘* + 30% “ 53. | 0.0036-0.2143 5.76 0.23) ** = 0.2027M + 0.0037 
40% ‘* + 60% “ 49 0.0036-0.2143 6.53 0.50 “ = 0.2119M + 0.0054 
25% “* + 75% “ 19 0.0036-0.2143 6.84 0.43 ** = 0.2188M + 0.0219 
100% D 62 | 0.0070-0.2143 | 7.70 0.48 | “* = 0.2517M + 0.022 


READINGS 


VANOMETER 


~ LEGEND~ 

*100% ANDROSTERONE 

* 75 7e ANDRO, + 25 % DEHYDRO, 

: 60% ANDRO. + 409. DEHYDRO. 
50% ANDRO,+ 507% DEHYDRO. 
40% ANDRO,+ 60% DEHYDRO. 
25% ANDRO.+ 75 % DEHYDRO. 

"100% DEHYDROISOANDRO S TERONE 


GAL 





re) 2 2.4 3.6 4.8 6.0 2.2 G 
MILLIGRAM S 


Fig. 1. Curves secured by the Neustadt method 
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in which each of the mixtures fell in relation to the pure hormones. Fig. 1 
shows the curves that were derived from the data in Table I secured by 
the Neustadt method. Individual semilogarithmic graphs (Curves A to 
(3) were constructed for each of the mixtures studied. 

It can readily be seen by an inspection of these curves that all of the 
mixtures fall between the two curves of the pure hormones. As the con- 
tent of the dehydroisoandrosterone of the mixtures increases, the curve 
tends to approach that for pure crystalline dehydroisoandrosterone. It 
is therefore apparent that the presence of both hormones in the same 
solution has no effect on their relative chromogenic values. In order to 
demonstrate this phenomenon more clearly, the Lz values for the mixtures 


TABLE II 


Similarity of Theoretical L. and Lz Derived from Equation of Mixtures 
(Neustadt Technique) 


Le from 
Solution - _ one pede eon yo ” otal - | - ae ical “an 
mixtures 
még per cent 
75% A. + 25% D L =0.166M + 0.0113 0.4 0.0664 | 0.0725 8.0 
75% “ + 25% 0.8 0.1328 | 0.1451 | 8.0 
15% “* + 25% ‘ 4.0 0.6640 | 0.7250 | 8.0 
60% “* + 40% * = 0.18S91M + 0.0055 6.5 | 0.0946 | 0.0977 | 3.5 
0% “ + 40% * 1.0 0.1891 | 0.1954 | 3.5 
0%“ + W% “= (.2027M + 0.0087 1.0 0.2027 0.2049 1.0 
% “ + 50% * 2.0 0.4054 0.4097 | 1.0 
40% “ + 60% * * = () 2119 + 0.0054 0.5 0.1060 0.1071 1.0 
0% “ + 60% “ 1.0 | 0.2119 | 0.2142 | 1.0 
B% “ + 75% “ ‘“ = (2) 2IS8SM + 0.0219 0.4 | 0.0875 | 0.0913 | 4.0 
5%“ + 75% “ 0.8 0.1750 | 0.1826 4.0 


and the components of the mixtures were calculated and compared. (An 
Le value is defined as the optical density or L value of the hormone obtained 
from its equation by subtracting the zero intercept term.) The theoretical 
value refers to the sum of the Le» values of the components of the mixture 
which were obtained from their respective calibration curves. These were 
then compared to the actual 12 values which were determined for the re- 
spective mixtures from the equation of their calibration curves. The per 
cent of difference of the actual from the theoretical was then calculated. 
Table II shows that the maximum difference is 8 per cent, as shown by the 
mixture of 75 per cent androsterone and 25 per cent dehydroisoandros- 
terone. The rest of the mixtures show a difference of not more than 


t per cent. 
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The same procedure was followed with the Friedgood and Whidden tech- 
nique. Fig. 2 represents the composite and individual plots of the mixtures 
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Fig. 2. Curves secured by the method of Friedgood and Whidder 


Taste III 
De lerminations by Friedgood Whidd n Te chn que 


No. of Stand 
Solution — Range of C a — Equation of line 
tions tion 
me. per ce 

100% A 19  0.0042-0.0283 33.29 0.79 L = 3.10M + 0.0055 
75% “ + 25% D 25 | 0.0042-0.0283 34.83 0.86 ‘ = 3.12M + 0.0180 
60% © + 40% ‘ 15  0.0042-0.0283 35.77 0.89 ‘ = 3.26M + 0.0149 
50% “ + 50% “ 25 0.0042-0.0283 39.15 1.61 * = 3.40M + 0.0315 
40% ** + 60% “ 15 0.0042-0.0283 40.39 1.49 “ = 3.56M + 0.0263 
25% “© + 15% “ 15 0.0042-0.0283 42.64 1.22 ‘“ = 3.77M + 0.0264 
100% D 20 0.0042-0.0283 44.35 1.04 “ = 4.08M + 0.018 


that were derived from the datain Table IIT. Table IV shows the per cent 
difference obtained by comparing the theoretical J, values with that 
obtained from the equation of the specific mixtures. If the chromogenic 
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properties of either hormone are not altered, then the Z: value for any 
given mixture should be equal to the sum of the Le values for each of the 
androgens in the solution as obtained from their respective calibration 
curves. In the Friedgood and Whidden technique, the per cent difference 
of the Le values of the mixtures from the theoretical values is much less as 
the dehydroisoandrosterone content is increased. 


TABLE IV 
Similarity of Theoretical L, and Ly, Derived from Equationof Mixtures (Friedgood and 
Whidden Technique) 














L: from 
Solution at ee rincatal datz’. | Amount | ©WQ#H00 |, Pe: cal{ Diference 
} | mixtures 
| mg. | per cent 
15% A. + 25% D L = 3.12M + 0.0180 | 0.300 | 0.936 | 1.004 6.7 
0% “ + 40% “ ‘“ = 3.26M + 0.0149 | 0.075 | 0.2445 | 0.2619} 6.6 
50% “ + 5% “ ‘= 3.40M + 0.0315 | 0.150 | 0.510 | 0.5385 | 5.3 
0% “ + 50% “ 0.300 | 1.020 | 1.077 5.3 
0% “ + 60% “ “ = 3.56M + 0.0263 | 0.075 | 0.267 | 0.2766 | 3.5 
5% “ + 75% “ “= 3.77M + 0.0264 | 0.300 | 1.1310 | 1.1505 | 1.5 


DISCUSSION 


A comparison of the experimental data, by two different techniques, 
shows that colorimetrically the presence of both androsterone and dehy- 
droisoandrosterone in the same solution does not alter the individual chro- 
mogenic properties of the hormones. However, the per cent difference 
between the theoretical LZ. and the Le derived from the equation of the 
mixtures is somewhat larger with the Friedgood and Whidden technique 
than with the Neustadt method. The basic fact is established that, as 
the amount of dehydroisoandrosterone is increased, the curves tend to 
increase in the direction of this crystalline hormone. This is directly 
opposite what was found when similar mixtures were assayed biologically 
by the chick comb weight method.? Using our modification (7) of the 
Dorfman technique (8), we found that as the amount of dehydroisoandros- 
terone was increased the curves inclined toward the androsterone curve. 
This indicates that the biological properties of dehydroisoandrosterone are 
markedly influenced by the presence of androsterone in the same solution. 
Colorimetric measurements indicate the presence of those substances which 
enter into the m-dinitrobenzene reaction without indicating the biological 
potentialities of their proportionate mixtures. Results of our biological 
studies show that the varying mixtures of the two crystalline hormones in 
the same solution result in a synergistic effect on the chick comb. 


? Grauer, R. C., Starkey, W. F., and Saier, E. L., unpublished data. 
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SUMMARY 


Varying mixtures of androsterone and dehydroisoandrosterone were 
studied colorimetrically by the methods of Neustadt and of Friedgood and 
Whidden. The calibration curves that were derived for each of the mix. 
tures fell within the expected range of the curves of the individual erystal- 
line hormones. The chromogenic properties of androsterone were not 
altered by the presence of dehydroisoandrosterone in the same solution. 
The data suggest that colorimetric assays do not indicate the biological 
potentialities of varying mixtures of the two biologically active crystalline 
androgens. 
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THE DETERMINATION OF HEMOGLOBIN IN TISSUE 
EXTRACTS OR OTHER TURBID SOLUTIONS* 
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(From the John Collins Warren Laboratories of Harvard University, Massachusetts 
General Hospital, Boston) 


(Received for publication, February 9, 1943) 


In many investigations it is necessary to estimate quantitatively the 
amount of hemoglobin in tissues, tissue extracts, or biological fluids. 
Hemoglobin in blood is easily and routinely determined in the Evelyn 
colorimeter with the aid of Filter 540. Two sources of error make this 
method inaccurate when applied to tissue extracts: (1) turbidity (light 
absorption) from lipids, proteins, or other non-hemoglobin pigments, and 
(2) the presence of methemoglobin, which has a lower absorption at 540 my 
than does oxyhemoglobin. Several investigators have endeavored to cor- 
rect for the contribution made by turbidity to the total L549 value by means 
of measurements of light absorption at wave-lengths at which the absorp- 
tion by hemoglobin is small (e.g. 620, 660 mu). The assumption is then 
made that the “turbidity correction” at 540 mu (Lii'") is equal to the 
total Leo value, or that the light absorption (1 value) due to turbidity is 
linear across the colorimetric scale so that Ljiv"’ may be deduced by extra- 
polation of Leo, Leso, etc., values to 540 mu. Either of these assumptions 
ean be shown to be approximately true under certain conditions, but neither 
is invariably correct, and the greater the turbidity the less true is either 
assumption. Not only does blood itself show by either method a con- 
siderable ‘turbidity correction” (about 10 to 15 per cent) which is some- 
times neglected, but any methemoglobin formed from oxyhemoglobin in 
the preparation of the solution will give rise to large errors, since methemo- 
globin has a higher absorption in the 620 to 660 my range and a lower 
absorption in the 540 to 570 my range than does oxyhemoglobin. Both of 
these divergences will add up to diminish the calculated Lio value of the 
solution (1540°"*). 

The method to be presented, suggested by the work of Evelyn and 
Malloy (1), avoids both of these difficulties. It is based upon the fact 
that oxyhemoglobin (HbQ.) is readily and quantitatively converted into 


* This is Publication No, 567 of the Cancer Commission of Harvard University. 
The work deseribed in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and the Massachusetts General Hospital. 
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methemoglobin (MHb), and this into cyanmethemoglobin (MHbCN), 
each of which has a characteristic spectrophotometric absorption curve 
(although those of HbO, and of MHbCN are very similar). These con- 
versions produce no change in the absorption characteristics of the turbid 
material or non-hemoglobin pigments. The extent of change in light ab- 
sorption (L value) at certain characteristic wave-lengths is then compared 
with those similarly obtained from a solution of hemoglobin (blood) of 
known Lo value. This yields a calculated L54°"° value for the hemo- 
globin in the unknown solution from which the hemoglobin content can 
be obtained. 

In order to insure both the accuracy of the hemoglobin conversions and 
the constancy of the turbidity throughout it is necessary to buffer the 
extract before making the determinations. This is accomplished with 
0.02 m phosphate buffer at pH 6.6. 

Theoretically the change in absorption at any one of a number of wave- 
lengths could be used to determine the hemoglobin concentration. The 
largest and most characteristic shifts, however, occur at 540, 565, and 
635 mu (1) and it is at these wave-lengths that measurements are most 


profitably made. 


Method 


The tissue extract (water, saline, or buffered solutions may be used) is 
made up to any convenient volume with water and sufficient m/3_phos- 
phate buffer (pH 6.6) to give a final concentration of about 0.02 m. All 
erythrocytes should be hemolyzed. The optimal volume is one which has 
an Ls Value of about 1 (G = 10). Record the volume as V in ml. 

Centrifuge the extract and pour about 10 ml. into a colorimeter tube 
With 0.02 m phosphate buffer as a blank, determine the values L}}®, 

BbO2 and LE: for this solution. Add 1 drop of 20 per cent K;Fe(CN), 
solution to the unknown and to the blank, mix, and again read at 540, 
565, and 635 mu to get the values of Lae Lee and LE. Addl drop 
of a freshly prepared mixture of equal parts of 10 per cent NaCN and 12 


per cent HAc to both tubes, mix, and determine the values of Lee: 


MHbCN MHbCN 
a” wala. 
Calculation 
From the nine 1 values determined above, six D values may be ecaleu- 


lated as follows: 


540 _ 7 HbO» MHb. 540 — 7 MHb _ ;MHbCN 
pe? = Lib EMHb; p50 = JMHb _ ME 

565 _ ,;HbO2 _ ;MHb. 7565 _ ;MHb _ ;MHbCN 
l D; >= Lies Liss ; Dy ~< Lisés Lisés 


635 _ 7, HbOs _ 7; MHb. 7635 _ ;MHb _ 7; MHbCN 
D, = L633 L635 ; Dy ste Leas L635 
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These differences are similarly determined on a sample of blood (prefer- 
ably from the animal whose tissues are under examination), and each such 
blood difference is divided by the Lo value of that sample of blood. The 
resultant figures are the shifts observed in a hemoglobin solution of which 
the Ls = 1.00. We may designate these values as By*, BY, ete. In 
our experience, the following average values were obtained: By* = +0.47, 
pi = —0.46, BR® = +0.57, B3® = —0.46, BT* = —0.24, Bo” = +0.24. 

For each unknown solution, six values of L549 may be obtained from the 


ratios of the corresponding D and B values above, from the relation 


540 565 635 540 N 

pi? pss = psp D* 

(2) Lao” = p540 = bes = 68s = pedo» Cte. = 7y 
” SE & kk B* 


If no methemoglobin is present in the initial extract, all six values for Lsso 
will agree. Any methemoglobin in the initial extract will lower all the 
Ls Values obtained from D, values by an amount proportional to the 
MHb present, and the L549 values obtained from the three D, values should 
then be regarded as representing the total hemoglobin. Conversely, any 
MHb in the standard blood sample will elevate the Lsi0 values obtained 
from D,/B,. 

The Lo value, which is now known, is readily converted into ml. of 


blood from the formula 


Ltissue 
4540 - , 
(3) cisad xX V = ml. blood in total tissue extract 
Leso 
® ene , . blood 
where Li35°"° is caleulated from Formula 2. Lgqo"" = 10/0.02 XK Leo of 


0.02 ml. of blood corresponding to that in the unknown in 10.0 ml. of 
water (= the Lsyo value of 1.0 ml. of terminal blood in a volume of 1.0 ml.). 
V is the total volume of the tissue extract in ml. 

The entire calculation may be shortened by using, instead of Formulas 
2 and 3 in succession, the combined formula 


» 


n 


(4) on x V = ml. blood in total tissue extract 


where C,, = (B,,)(500)(Ls40 of 0.02 ml. of terminal blood in 10 ml. of water). 
DISCUSSION 

This method has been used effectively in tissue extracts of all degrees 

of color and turbidity, even those produced by homogenizing tissues in the 

Waring mixer. It should be noted at this point, however, that muscle 

hemoglobin will undergo the reactions described and will thus appear in 

the total hemoglobin figure. Lowry and Hastings (2) have applied the 
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method of Watson (3) in determining the contribution of this pigment to 
the total hemoglobin figure; we have endeavored, with varying degrees 
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In Fig. 1 are plotted absorption curves for oxy-, met-, and cyanmethemo- 
globin, as determined in a sample of dog blood (LH5°: = 1.000) on the 
Evelyn colorimeter. It is apparent from these curves why we have chosen 
the 540, 565, and 635 mu filters to determine the D values. 

In Fig. 2 are plotted the three absorption curves obtained from an 
extract of lung taken from a viviperfused dog. The near identity of the 
three curves indicates the absence of any appreciable amount of hemo- 
globin, and the general nature of the turbidity correction is clearly 
demonstrated. 

The curves in Fig. 3 were derived from another portion of the tissue 
extract used to obtain the curves in Fig. 2, but with the addition of 0.02 
ml. of blood to 10 ml. of the extract. The relationship of total reading 
to turbidity and the independence of the D values are clearly shown. 

An example of the disturbing influence of methemoglobin on the oxy- 
hemoglobin absorption curve is shown in Fig. 4. In such an extract, any 
method which relies upon total absorptions of the extract at any wave- 
length will be in error. The shift from methemoglobin to cyanmethemo- 
globin, however, is quite independent of this. 

The sensitivity of the method is about half that for hemoglobin in blood 
by the colorimetric technique, or about 1 mg. of hemoglobin (about 0.005 
ml. of blood), since B®? and B® are about one-half the Ls49 value. 

The constancy of the Leoo value on each of the three curves under all 
conditigns suggests the use of these values as a criterion of the constancy 
of turbidity during the hemoglobin transformations. The Leoo values will 
immediately reflect any change in the turbidity of the solution, and read- 
ings with Filter 600 should be made as a precautionary measure whenever 
such a change is suspected. In our experience, however, this has never 
happened except in unbuffered solutions. 


SUMMARY 
A method for the quantitative determination of the amount of hemo- 
globin in turbid solutions is deseribed. This method is based on the shifts 
in the hemoglobin absorption spectrum produced by the change of oxy- 
hemoglobin into methemoglobin, and of methemoglobin into cyanmethemo- 
globin. The sensitivity of the method is about half of that for hemoglobin 


in blood. 


We wish to thank Dr. John Gibson for his interest and aid in this work. 
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PRODUCTION OF ACIDS FROM GLUCOSE BY DENTAL PLAQUE 
MATERIAL 


By JOHN A. MUNTZ 


(From the Chemistry Laboratory of the Walter G. Zoller Memorial Dental Clinic of the 
University of Chicago, Chicago) 


(Received for publication, January 9, 1943) 


The ‘‘chemo-parasitic theory” of the etiology of dental caries, first 
advanced by W. D. Miller (1), postulates that the initial demineralization 
of tooth enamel is brought about by acids produced by bacteria present 
on the teeth. Since this pioneer work, a great many investigators have 
sought to identify the bacteria that are chiefly responsible for the acid 
production. Very few attempts have been made to characterize the acids 
formed. It is well known that many bacteria, when removed from one 
environment and grown in another, change their biochemical as well as 
other characteristics. A study of the metabolism of pure cultures of micro- 
organisms associated with dental caries may or may not give a true picture 
of the metabolic activity of the same microorganisms when they are 
present on the teeth. It is desirable therefore to study the mixed bac- 
terial flora as it is obtained from teeth in the mouth. 

Since W. D. Miller’s work (1), lactic acid has generally been assumed to 
be the principal acid associated with the carious process, but it was only 
recently that B. F. Miller and Muntz demonstrated its presence in dental 
lesions by a specific method (2). These authors reported that the lactic 
acid found was not stoichiometrically equivalent to the water-soluble cal- 
cium, thus indicating the presence of other acid anions. It has been sug- 
gested that pyruvic acid may be present in carious lesions (3). While the 
work presented in this paper was in progress, Summerson and Neuwirth 
(4, 5) reported experiments with saliva which demonstrated conclusively 
that lactic acid was only a part of the total acids formed from glucose. 

The following experiments describe some aspects of the metabolism of 
glucose by the mixed bacterial flora obtained from tooth surfaces. This 
mixture of bacteria and matrix substances will hereafter in this paper be 
referred to as plaque material.! 


‘Throughout this paper the term plaque material is used to connote the gross 
bacterial layer that can be scaled readily from the teeth of patients with poor hygiene. 
It has an amorphous appearance, and does not contain macroscopic food particles. 
Bacteria appear to make up about half of the total bulk of plaque material; the 
remainder is comprised of matrix material, the nature of which is unknown. 
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EXPERIMENTAL 

The plaque material was suspended in water and homogenized in an all- 
glass homogenizer. Aliquots of this suspension were then treated as 
desired. Glucose determinations were made by the method of Miller and 
Van Slyke (6) on the supernatant fluid from samples of plaque materia] 
without preliminary deproteinization. Lactic acid was determined by 
the method of Miller and Muntz (7) after the samples to be analyzed had 
been previously freed of carbohydrate by copper-lime treatment. Volatile 
acids were determined by micro steam distillation and subsequent. titra- 
tion. Total acids were determined by direct titration of the supernatant 
fluid obtained by centrifugation. Phenolphthalein was used as indicator 
for the titrations. 

Relationship between Glucose Consumed and Lactic Acid Produced by 
Plaque Material—In these experiments plaque material was removed from 
the teeth of patients exhibiting various types of dentaldisorders. Suff- 
cient material to give a moderately heavy suspension was suspended in 
2.0 ce. of distilled water. It was homogenized and aliquots were incubated 
with 0.1 per cent glucose for 30 minutes. An aliquot of each sample was 
incubated aerobically, and in four cases aliquots were incubated anaerobi- 
cally. Glucose and lactic acid analyses were made before and after the 
incubation. From these data one obtains the ratio of moles of lactie acid 
formed to moles of glucose consumed. If all the glucose were converted 
to lactic acid this ratio should be 2.0. Table I shows that under aerobic 
conditions the amount of glucose that disappears cannot be wholly ac- 
counted for as lactic acid. The wide fluctuation in the ratio of the lactic 
acid produced to the glucose consumed probably reflects the variability 
of the bacterial flora in these cases. In no instance was the ratio zero; 
that is, some lactic acid was always found. It is important to remember 
that these incubations were carried out in essentially unbuffered solutions, 
and hence the pH was ailowed to fall. The only buffers were those origi- 
nally present in the plaque materials themselves. In three out of the 
seven experiments in which the incubation was carried out anaerobically 
and aerobically on similar aliquots of the same suspension, the lactic acid 
accumulation was much higher under the oxygen-free conditions. 

Production of Acid from Glucose and Its Simultaneous Destruction 
Summerson and Neuwirth in their studies of the decomposition of glucose 
by oral microorganisms present in saliva found that lactie acid accounted 
for only 50 per cent or less of the total acid formed (4). In a later report 
the same authors showed that lactate and pyruvate were rapidly metabo- 
lized by the bacteria in saliva with the production of other acid (or acids), 
which was not identified (5). 

I have obtained essentially the same results using plaque material as 
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the source of bacteria. However, the rapid destruction of lactate occurs 
chiefly around pH 7. If the pH is permitted to fall, as lactic acid is pro- 
duced from glucose in unbuffered solutions, the breakdown of lactic acid 
js greatly retarded. In these experiments aliquots of the same suspension 
of plaque material were incubated in well buffered media (Fig. 1, a), and 
in poorly buffered media (Fig. 1, b). The type of curve shown in Fig. 1, b 
is obtained under conditions that are more comparable to those actually 


TABLE I 
Glucose Consumed and Lactic Acid Simultaneously Produced by Plaque Material 
Patients | to 6 had extensive dental caries. Patients 7 to 13 either had no dental 
caries or else had all cavities filled. 


Ratio, 


Lactic acid produced Glucose consumed moles lactic acid 
Patient No per 2 cc. suspension per 2 cc. suspension — 
Aerobic Anaerobic Aerobic Anaerobic Aerobic Anaerobic 
Y Y Y Y 
] 438 421 SS6 857 1.0 | 1.0 
2 222 351 269 158 Oe ee 
3 133 159 0.8 | 
} 17 146 0.6 
5 328 720 0.9 
6 276 431 1.3 
7 169 258 504 482 0.7 | 1] 
8 107 160 228 260 0.9 e 
9 24 116 0.4 
10 388 945 0.8 
1] 151 369 0.8 
12 247 522 0.9 
13 193 374 | 1.0 


* This abnormally high ratio is probably due to substrate originally present in 


the plaque material. 


occurring in the mouth, since it has been shown that the pH of plaques 
on teeth falls rapidly after ingestion of glucose (8). 

The rate of lactic acid formation which results from the breakdown of 
glucose reaches its optimum around neutral pH, and falls off sharply below 
pH 6 as well as above pH 8 (Fig. 2). In these experiments, 0.1 cc. aliquots 
of a suspension of homogenized plaque material were diluted with 0.075 m 
buffer solutions, and sufficient glucose was added to give a 1 per cent solu- 
tion. The original suspensions had been prepared to contain approximately 
the same amount of suspended material per unit volume. The lactic acid 
is expressed as micrograms per 0.5 ec. of the original suspension. It is to 
be emphasized that the lactic acid present at the end of 30 minutes incuba- 
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tion represents the difference between the total amount formed and the 
amount destroyed. 

It is also important to point out that the rapid destruction of lactic acid 
formed from glucose is an aerobic process. Under anaerobic conditions 
much more lactic acid accumulates, apparently because its destruction, if 
it occurs at all, is greatly retarded. This is shown in Fig. 3. The experi- 
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Fic. 1. Lactic acid production from glucose and its utilization (a) in well buffered 
media, (6) in poorly buffered media. 
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Fic. 2. Lactic acid production (micrograms per 30 minutes) from glucose by plaque 


material at various pH values. 


ments to illustrate this point were performed as follows: Samples of homog- 
enized plaque material were divided into 2 equal parts; one sample was 
incubated with 1 mg. of glucose in 0.1 m phosphate buffer, pH 7.0, in the 
presence of oxygen-free nitrogen. ‘The other sample was incubated in air 
under the same conditions. Samples were removed from both suspensions 
Fig. 3 shows that 


at varying periods of time and analyzed for lactic acid. 
This phe- 


anaerobic conditions favor the accumulation of lactic acid. 




















J. A. MUNTZ 229 


nomenon may be of some importance in the pathogenesis of dental caries, 
since the interproximal spaces and pits and fissures of the teeth are suffi- 
ciently anaerobic to permit the growth of an anaerobic flora. Anaerobes 
have likewise been isolated from plaque material present on the smooth 
surfaces at the gingival margin, although presumably these areas are 
well aerated (9). 

When lactate formation-destruction curves were obtained on samples of 
plaque material from a number of patients, wide variations were observed 
in the rate at which lactate was destroyed. The following experiment 
shows that the type of curve varies with the amount of plaque material in 





© Anaerobic conditions 
* Aerobic conditions 
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Fic. 3. The production of lactic acid from glucose (1 mg. per 2 cc.) and its decom- 
position by plaque material at pH 7 under aerobic and anaerobic conditions. 


suspension, that with heavy suspensions the lactate can be completely 
destroyed, while with light suspensions only a partial destruction occurs. 
The shape of the curve can be varied by simply diluting a heavy suspension 
of plaque material with buffer solution, as can be seen in Fig. 4. In all 
these samples the total volume of suspension was the same, as well as the 
glucose and phosphate buffer concentration. However, there were 4 times 
as much plaque material in the most dense suspension as in the least dense. 
Lactic acid analyses were performed on comparable aliquots in each case. 
The experiment illustrated in Fig. 4 shows that it is meaningless to compare 
the metabolic activity of plaque material obtained from patients with 
varying degrees of caries activity unless equivalent suspensions are ana- 
lyzed. Nor is it permissible to obtain the dry weight of a given aliquot of 
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suspension and then multiply by a dilution factor in order to express the 
results on an equivalent basis.* 

This behavior of suspensions of plaque material when they are diluted 
has been confirmed by several experiments. The exact mechanism of this 
shift in the curve has not been elucidated, but it is quite probable that a 
dilution effect is operative here similar to that described by other workers 
with tissue suspensions (10). There is also the added possibility that cer- 
tain diffusible cofactors, necessary for the oxidation of lactic acid, may be 
the limiting factors in this reaction. Thus when the bacterial suspension 

* Original plaque suspension 


12 
© Plaque suspension diluted two times 
lif @ Plaque suspension diluted four times 


LACTIC ACID (MICROGRAMS PER 0.1 cc.) 
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Fic. 4. The influence of density of the suspension of plaque material upon the 
lactic acid formation and destruction. The glucose concentration is | mg. per ee. of 
suspension in 0.2 m phosphate buffer, pH 7.0. 


is diluted, these factors may not be present in sufficient quantity to main- 
tain a proportional reaction rate. 

Production of Acids Other Than Lactie Acid by Plaque Material from 
Glucose—Since Friedemann (11) has shown that under anaerobie condi- 
tions certain pathogenic bacteria produce acetic and formic acids in addi- 
tion to lactic acid, and since many organisms are capable of utilizing lactate 
aerobically with the formation of acetic acid, it seemed desirable to study 


? Neuwirth and Summerson (5) found no correlation between the degree of dental 
caries and the capacity of the saliva to metabolize lactate. Some specimens of saliva 
consumed lactate rapidly, while others did so only very slowly. It may be that the 
variable rate of lactate consumption is a function of the number of bacteria present 


per unit volume of saliva. 
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the formation of steam-volatile acids by plaque material. It is also of 
interest to ascertain whether the lactic acid and the volatile acids together 
comprise the total acidity of suspensions of plaque material or whether 
still other acids are formed. It has already been pointed out that there is 
good indirect evidence for the formation of acids other than lactic. 

As a first approach to this problem, experiments were carried out in the 
following manner. Sufficient plaque material was pooled to give 3.6 cc. 
of fairly heavy suspension. This was homogenized and 0.5 ee. aliquots 
were centrifuged. The supernatant fluid was withdrawn, discarded, and 
replaced by exactly 0.50 ec. of 0.1 M phosphate buffer, pH 7.0, containing 
2 mg. of glucose. The plaque material was resuspended in the buffer 
solution and incubated at 37° for varying periods of time. At the end of 
the incubation period, the sample was heated for 2 minutes in a boiling 
water bath to destroy all enzyme activity. It was then cooled and the 
sides of the tube were washed down with | cc. of distilled water. Samples 
of the resulting diluted suspension were analyzed for lactic acid. The 
remainder was centrifuged and the supernatant fluid quantitatively re- 
moved to a larger tube. The residue was washed once with 1 ec. of water 
and the resulting supernatant fluid added to the first. The combined 
supernatant fluids were then titrated with 0.0083 x NaOH to the full pink 
color of phenolphthalein (pH 8.5). The titration difference between the 
sample incubated with glucose and a control incubated without glucose 
is a measure of the total acids formed. 

The titrated samples were acidified with 5 per cent phosphotungstic acid 
to pH 2.5, and transferred to a 50 ec. distilling unit with sufficient water 
to make 20 cc. During the distillation, water was added continuously to 
maintain this volume, and six samples, comprising a total of 105 ce., were 
distilled over. ‘Titration of the distillates gave a measure of the volatile 
acids. 500 y of acetic acid added to plaque material could be recovered 
with a precision of +1 per cent by the total acid procedure. 90 to 95 per 
cent of the same amount of acetic acid could be recovered by the volatile 
acid determination with a precision of +5 per cent. 

Several samples of plaque material were incubated and analyzed in this 
manner. Fig. 5 shows the results obtained in a typical experiment. Maxi- 
mum lactic acid formation occurs within 30 minutes and thereafter de- 
creases rapidly. Volatile acids, on the other hand, are produced at a 
fairly constant rate throughout the 2 hour period. The total acids are 
produced very rapidly in the first 45 minutes, and thereafter the rate of 
production falls off. It should be pointed out that the amount of sub- 
strate (glucose) is limited in these experiments. This, no doubt, accounts 
for the decrease in the rate of total acid production. At no time is the sum 
of the lactic acid and volatile acids equal to the total acids, Table II. The 
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difference between the total acids and the sum of lactic acid plus volatile 
acids comprises between 30 and 40 per cent of the total acids. These non- 
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Fia. 5. The acids produced from glucose (2 mg. per 0.5 ec. of suspension) by plaque 
material at pH 7 and 37°. 
Tas_e II 
Acid Produced from Glucose 
The concentrations of acid given represent the total amounts accumulated from 
2 mg. of glucose at the stated time interval. 





Acids not 





Sample No. a naomi acid saan acids Total acids accounted ia 
(1) 2) (3 3) — ((1)+ (2)) 
min mu NaOH ma NaOH mu NaOH mu NaOH 
2 15 4.6 1.1 8.8 3.1 
3 30 6.5 2.3 12.8 4.0 
4 45 6.2 3.2 14.2 4.8 
5 60 5.2 4.5 14.3 4.6 
6 90 3.2 5.7 15.0 6.1 
7 120 1.9 7.2 15.7 6.6 


volatile acids are produced most rapidly in the first 15 minutes of in- 


cubation. 
It is of interest to compare the metabolic activity of a pure strain of 
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Lactobacilli isolated from the oral flora with that of the plaque material 
just described. A heavy suspension of the washed bacteria in 0.1 mM phos- 
phate buffer was treated with glucose (1 mg. per 0.5 cc. of suspension). 
Aliquots of the suspension were incubated for varying periods of time and 
were then analyzed as described previously. Fig. 6 shows that lactic acid 
was rapidly produced but it was not metabolized further. Volatile acids 
are not formed during the first 30 minutes and thereafter only small 
amounts appear. The total acids formed from glucose are in excess of 
the lactic acid plus volatile acids. In this connection it is of interest that 
the production of malice acid by oral Lactobacilli has been reported (12). 
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Fig. 6. The production of acids from glucose (1.0 mg. per 0.5 cc. of bacterial sus- 
pension) by oral Lactobacilli at pH 7 and 37°. 


Nature of Volatile Acids Produced from Glucose—The identification of the 
volatile acids produced aerobically from glucose by plaque material at 
pH 7.0 has proved to be a difficult problem. It was not feasible to obtain 
enough plaque material so that large quantities of the acids could be pro- 
duced to permit their isolation. Samples of plaque material were collected 
daily from three or four patients, incubated with glucose, and distilled. 
After a week, the combined distillates were found to contain volatile acids 
equivalent to 15 mg. of acetic acid. Duclaux constants obtained on this 
acid mixture averaged 10.7. Duclaux constants on pure acetic acid and 
propionic acid obtained with the same distilling unit averaged 7.3 and 14.2 
respectively. A mixture of these acids, 8.4 mm in acetic acid and 4.9 mm 
in propionic acid, gave an average Duclaux constant of 11.0. 

The mixture of volatile acids obtained from plaque material was steam- 
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distilled at pH 9.0 to remove neutral steam-volatile substances. It was 
reacidified to pH 2.5 with phosphotungstic acid and the volatile acids 
again steam-distilled. The fractions obtained in this distillation were 
titrated to pH 8.5 in a vessel containing a glass electrode, and were con- 
centrated in a vacuum desiccator. 10 cc. of the final solution contained 
sodium salts of the unknown acids equivalent to 12.7 mg. of acetic acid, 

An estimation of formic acid was carried out on this solution by a mano- 
metric procedure in the Warburg apparatus. It had previously been 
determined that by using a 5 cc. vessel, as little as 50 y of formic acid 
could be estimated. 0.3 ec. of solution containing the formate in the 
vessel side arm is tipped into 0.7 cc. of 0.02 m KMnQ, acidified to 0.1 x 
with H.SO;. The reaction is complete in | hour; approximately 0.5 ¢.mm. 
of CO, is liberated per microgram of formic acid oxidized. Under the 
same conditions acetic acid and propionic acid yielded negligible amounts 
of CO.. When several volatile acid samples obtained from plaque material 
were analyzed in this way, formic acid was never more than, and usually 
less than, 10 per cent of the volatile acids. 

Several volatile acid concentrates were tested for acetic acid by the 
lanthanum nitrate test, always with negative results. Yet the Duclaux 
constant suggested that it was certainly present. Subsequently the spot 
test described by Feigl, Zappert, and Vasquez (13) was employed and a 
good test for acetic acid obtained. By a rough comparison of the intensity 
of the color produced by a given volume of the volatile acid concentrate 
and known amounts of acetate it was estimated that about one-third of the 
total volatile acids could be accounted for as acetic acid. 

MeNair (14) has described an oxidimetric method for the estimation of 
propionic acid. The method is not specific, since acetic acid reacts to a 
slight extent. However, the difference in reactivity is great enough to 
make the test of diagnostic value. In order to apply the method to such 
small amounts of acid as were available, all the quantities of the reagents 
were reduced 10 times. Comparable samples of acetic and propionic acids 
were run through the procedure at the same time. In this way it was 
estimated that between 15 and 20 per cent of the total volatile acids 
reacted like propionic acid. 

The mercurous salts of the volatile acids have a characteristic crystalline 
structure. However, all attempts to establish the identity of the acids 
in the distillates by the formation of these mercurous salts were unsuccess- 
ful. The presence of significant amounts of the higher fatty acids could 
be excluded on the basis of the Duclaux constants and the absence of any 
pronounced butyrous odor in the distilled samples. 

It is realized that the relative amounts of the various acids vary from 
sample to sample. This is to be expected with such a heterogeneous flora. 
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Yet in all the samples examined thus far, formic acid has not appeared in 

any appreciable concentration, and acids of greater chain length than 

propionic acid do not seem to be formed to any appreciable extent. Pyru- 

vie acid was present in such small amounts that it could be neglected. 
DISCUSSION 

When dental plaque material is incubated in vitro with glucose, lactic 
acid is formed so rapidly that it accumulates to a considerable extent. 
Unquestionably this occurs likewise on the teeth in situ following the 
ingestion of glucose, sucrose, and other carbohydrates (15). However, 
in situ, the pH of the plaque material falls as acid is produced. Since it 
has been pointed out in this paper that the further breakdown of lactate 
occurs chiefly at neutral reaction, it is quite probable that this breakdown 
isa much slower process in situ than in vitro at pH 7. The decomposition 
of lactic acid in situ probably proceeds as the salivary buffers exert their 
effect, a process which may take as long as 30 to 90 minutes (16). The 
decomposition of lactic acid would be further delayed in the mouth by 
anaerobic conditions that may obtain in the caries-susceptible areas. 

The slower but continuous formation of volatile acids that has been 
demonstrated to occur at neutrality in vitro probably occurs also in the 
mouth, as the saliva buffers the acidity of the plaque material. Since 
formie acid, which is one of the stronger steam-volatile acids, is formed in 
such small amounts, this process is in effect the replacement of the rela- 
tively strong lactic acid by less dissociated steam-volatile acids such as 
acetic acid and propionic acid. 

The rapid production of acids other than lactic and volatile acids may 
be of some significance. Should these acids prove to be of the dicarboxylic 
type, such as succinic or malic, relatively strong acids would have been 
produced which in addition can form undissociated complexes with cal- 
cium (17). The rapidity with which the non-volatile acids are produced 
suggests that they can be formed directly from glucose and do not appear 
primarily when the lactic acid is consumed. It would be of considerable 
interest to study their production under anaerobic conditions. 


SUMMARY 


1. It has been demonstrated that the rapid destruction of lactie acid 
formed from glucose by the bacterial flora of dental plaque material occurs 
chiefly at neutrality and under aerobic conditions. 

2. The rate of lactate breakdown is furthermore a function of the con- 
centration of plaque material; 7.¢c., with very heavy suspensions, the rate 
is quite rapid, while with less dense suspensions a disproportionately 
greater time is required to achieve the same effect. 
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3. Concomitant with lactic acid formation and breakdown, there igs 
slower but steady formation of steam-volatile acids. One of these is acetic 
acid and another reacts like propionic acid. Formic acid is produced in 


small amounts only. 

4. Besides lactic acid and the volatile acids there is a rapid production 
of a certain quantity of non-volatile acid. The identity of the acid or acids 
which constitute this fraction has not been established. 


The author wishes to express his gratitude to Dr. Robert M. Stephan 
for his help in obtaining the dental plaque material employed in this 
study, and to Dr. Benjamin F. Miller for his suggestions and advice. 


BIBLIOGRAPHY 


1. Miller, W. D., Micro-organisms of the human mouth, Philadelphia (1890). 
2. Miller, B. F., and Muntz, J. A., J. Dent. Research, 18, 259 (1939). 
3. Fosdick, L.8., Campaigne, E. E., and Fancher, O., Illinois Dent. J., 10, 85 (1941). 
4. Summerson, W. H., and Neuwirth, I., J. Dent. Research, 20, 157 (1941). 
5. Neuwirth, I., and Summerson, W. H., J. Dent. Research, 21, 241 (1942). 
6. Miller, B. F., and Van Slyke, D. D., J. Biol. Chem., 114, 583 (1936). 
7. Miller, B. F., and Muntz, J. A., J. Biol. Chem., 126, 413 (1938). 
8. Stephan, R. M., J. Am. Dent. Assn., 27, 718 (1940). 
9. Hemmens, E.8., Blayney, J. R., and Harrison, R. W., J. Dent. Research, 20, 29 
(1941). 
10. Potter, V. R., and Elvehjem, C. A., J. Biol. Chem., 114, 495 (1936). 
11. Friedemann, T. E., J. Bact., 36, 527 (1938); J. Biol. Chem., 180, 757 (1939). 
12. Dodds, E. C., Brit. J. Exp. Path., 6, 183 (1924). 
13. Feigl, F., Zappert, R., and Vasquez, 8. J., Mikrochemie, 17, 165 (1935). 
14. MeNair, J. B., J. Am. Chem. Soc., 64, 3249 (1932). 
15. Miller, B. F., Muntz, J. A., and Bradel, 8., J. Deni. Research, 19, 473 (1940). 
16. Stephan, R. M., and Miller, B. F., J. Dent. Research, in press (1943). 
17. Greenwald, I., J. Biol. Chem., 124, 437 (1938). 








ic 


mn 


IS 











METABOLIC INTERRELATIONSHIPS OF ASCORBIC AND 
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The alleged synthesis of ascorbic acid by the albino rat has made it a 
suitable animal for the investigation of the possible metabolic source or 
sources of this substance. The recent work of Sealock (1), Levine, Mar- 
ples, and Gordon (2), and others seems to indicate a relationship of vitamin 
C to various members of the Szent-Gyérgyi-Krebs dicarboxylic acid cycle. 
This relationship has been investigated by them to determine the réle of 
ascorbic acid in intermediary protein metabolism. One of the members 
of the Szent-Gy6érgyi-Krebs oxidation cycle, citric acid, has not been in- 
vestigated to determine its possible relationship to vitamin C. The ease 
with which citric acid is converted to various other members of the cycle 
and the postulated relationship of the converted forms to ascorbic acid 
suggested an investigation in which simultaneous studies are made of the 
metabolism of citric and ascorbic acids. Krebs, Salvin, and Johnson (3) 
added citrates to the tissues of the rat and attempted to follow the fate of 
these compounds. The citrates soon disappeared as such but seemed to 
give rise to a-ketoglutaric acid, fumaric acid, and other acids which have 
been included in the oxidation schemes of Krebs and Szent-Gyérgyi. 
There was no determination in this study of ascorbic acid but it seems 
possible that citric acid in passing through one of the above intermediary 
products might be related either directly to ascorbic acid or to a precursor 
or catalytic system involved in the synthesis of ascorbic acid. 

Certain compounds have been shown to influence the tissue content and 
excretion of ascorbic acid (4, 5). Other compounds have been noted to 
exert an influence on the tissue content and output of citrie acid (6). 
There have been no published reports of the effect of any of these com- 
pounds on both ascorbic and citric acids. 

Investigations of metabolic relationships between ascorbic and citric 
acids have been hindered because of problems connected with methods of 
analysis, particularly those for citric acid. The classical method of Am- 
berg and McClure (7) is cumbersome and time-consuming, and involves 
a rather large correction factor (5 mg.). Normal ascorbic acid values are 


* Aided by a grant from the Purdue Research Foundation. 
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available for rat tissues but until the recent work of Dickens (8) very little 
information had been given in the literature as to the quantities of citric 
acid in animal tissues. The need for more data on normal citric acid values 
for rat tissues is evident. 

The present study was planned (a) to investigate the effect upon the 
ascorbic acid content of tissues and urine produced by the ingestion of 
sodium and potassium citrate, two substances which have been shown to 
influence citric acid output, and (b) to study the effect, one upon the other, 
of ingested ascorbic and citric acids. 


EXPERIMENTAL 


Care of Animals—-The young adult rats used in this study were housed 
in specially constructed metabolism cages consisting of a perforated alum- 
inum pie pan, covered by an inverted wire basket, placed on a large glass 
funnel, the stem of which dipped into a small flask containing 6 per cent 
metaphosphoric acid. The opening of the flask was wrapped in cotton. 
These cages had the advantage of being less expensive than many types of 
metabolism cages and of allowing for the analysis of urine for ascorbic acid 
with the least possible loss of this substance. The perforations were num- 
erous enough so that the urine dropped into the preserving and collecting 
flask immediately upon being voided. 

The basal diet consisted of dog chow and evaporated milk, a diet previ- 
ously found by one of us (H. J. P.) to result in the excretion of a fairly 
constant amount of ascorbic acid. The supplements used were citrie and 
ascorbic acids, sodium and potassium citrates, and combinations of the 
above in the form of natural orange juice or a synthetic preparation re- 
sembling it in ascorbic acid, citric acid, and citrate content. 

Aliquots of urine collections were analyzed daily for ascorbic acid and on 
alternate days for citric acid. 

At the end of the supplemental feeding period ascorbic and citrie acid 
values were determined for blood and organs of rats on the basal diet and 
on supplements of sodium and potassium citrate (Table I). 


Methods of Analysis 


Citric Acid—The method which was used in this study is an adaptation 
of the micromethod developed in 1936 by Pucher, Sherman, and Vickery 
(9). Difficulties were encountered in adapting this method to use with 
the Evelyn photoelectric colorimeter and obtaining reproducible results. 
The following modifications have been made and found useful. 

The solution to be analyzed, containing not more than 2.0 mg. of citric 
acid, is placed in a 125 ml. Erlenmeyer flask and a mixture of 10 ml. of 
10 per cent trichloroacetic acid and water added to give a final volume of 
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“75 ml. 1 ml. of concentrated sulfuric acid is added and the solution is 


digested until the volume of the original is reduced one-half. The solution, 
if diluted, must be at least 1 N with respect to sulfuric acid before further 
treatment is used. This solution is cooled in ice and brominated with such 
a quantity of bromine water that at the end of 20 minutes the solution 
is still colored with the bromine and gives off bromine fumes when the 
potassium bromide solution is added. The permanganate solution (from 
5 to 15 ml., depending on the concentration of citric acid present) is added 
with the care of a titration until the appearance of the first permanent 
permanganate color. After 15 minutes this solution is decolorized com- 
pletely by the use of sulfur dioxide. The gas is passed through the solution 
and the excess gas is removed from the clear solution by complete aeration 
for at least 10 minutes, or until no odor of the gas is detectable. The 
pentabromoacetone is then extracted with petroleum ether and the thor- 
oughly washed ether layer is treated with sodium sulfide. The colored 
layer formed is drawn off directly into 5 ml. of dioxane placed in the ab- 
sorption tube furnished with the macro portion of the Evelyn colorimeter. 
The final volume with the colored layers is 11 ml. This solution is placed 
in the colorimeter and read after being allowed to stand for exactly 2 
minutes, in the dark. The blank solution consists of 5 ml. of dioxane and 
6 ml. of sodium sulfide, and is read after exactly 3 minutes in the apparatus. 
This difference in time equalizes the blank and unknown solution and is 
very necessary because of the rapid fading of the yellow-colored layer 
formed with the sodium sulfide. The blank is allowed to stand for 1 minute 
longer, because the sodium sulfide has been added to it all at once, instead 
of being added in portions, as is the case with the solution being tested. 
Filter 420 is used for the determination. A standard curve is prepared 
with the solutions of known strength of pure citric acid. The machine is 
adjusted so that the blank gives a reading of 100. 

Because of the possibility that the addition of the sulfur dioxide to the 
oxidized and brominated solution might produce a product which would 
interfere with the pentabromoacetone conversion, it was necessary to study 
the nature of the reaction occurring between pure pentabromoacetone and 
sodium sulfide. This reaction could then be compared with the substance 
formed in the solution when sulfur dioxide gas is used as a decolorizing 
agent. For the preparation of a pure standard compound, the methods 
for the preparation of pentabromoacetone described by Cahours (10), 
Cloez (11), Wilde (12), Wichelhaus (13), and Lederer (14) were tried. 
That finally adopted consisted of treating a concentrated solution of sodium 
citrate with bromine, heating to 100°, and cooling. The clear oil which 
separated was treated with boiling aleohol and the solution allowed to 
evaporate in the air. Repeated recrystallizations from boiling alcohol 
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yielded fine, almost colorless, prism-like needles. When a micro melting 
point determination was made upon these crystals, a melting point of 75.5°, 
uncorrected, was obtained, as compared with the corrected melting point 
of 72.8-75° reported in the literature. This substance was dissolved both 
in pyridine and in dioxane and treated with sodium sulfide, and the ab- 
sorption spectrum was compared with those of citric acid solutions treated 
both with sulfur dioxide as a decolorizing agent and with ferrous sulfate 
used in thismanner. The curve obtained from a solution prepared by using 
sulfur dioxide as the decolorizing agent and dioxane as the solvent more 
nearly resembled the curve obtained with the crystalline substance than 
did that obtained by any other procedure. 

The method was further checked by comparison with results obtained 
by the gravimetric method of Amberg and McClure (7). Animal tissues 
were used as the test substances and very close agreement was obtained 
between the two methods. The micromethod herein described has the 
advantage of taking much less time for a single determination. 

Ascorbic Acid—A combination of the methods of Bessey (15) and Mind- 
lin and Butler (16) was used to determine the ascorbic acid concentration 
in the blood, urine, and tissues. The determinations were made with the 
micro portion of the Evelyn colorimeter. The citrate buffer suggested by 
Bessey was used and the dye was buffered with sodium bicarbonate. The 
tissues were extracted by the method of Bessey. In the micro colorimetric 
method, 0.3 ml. of dye was added to the buffered tissue extract, so that the 
final volume of dye and extract was 1.1 ml. 

Very little mention has been made in the literature of the care which 
must be exercised in the preparation of the dye solution. Many investiga- 
tors have found that the commercial dye preparation often contains im- 
purities. Unless these impurities are completely removed, it is impossible 
to get reproducible results. For the determinations reported here we have 
used a dye synthesized by Dr. 8S. M. Hauge of the Purdue Agricultural 
Experiment Station. Just prior to use, this dye was further purified by 
reextraction (preferably for 10 to 18 hours) and treatment of the dye 
solution itself with diatomaceous earth. With a solution so treated, close 
checks with standard ascorbic acid solutions were obtained. The K value 
for this dye with Filter 520-M was 0.026. 

DISCUSSION 

The findings of the study are summarized in Tables I and II. The 
ascorbic and citric acid values for the tissues analyzed are recorded in 
Table I and the excretion values in Table IT. 


In order that the results might offer better means of comparison, both 
the citric and ascorbic acid figures have been reported in terms of mg. per 
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gm. of body tissue. In this connection it should be noted that the adrenal 
glands of the rats on the sodium and potassium citrate supplements were 
atrophied, which makes the changes per gm. more marked than would be 
the case on the per organ basis. 

There appears to be an inverse relationship between ascorbic and citric 
acid excretion. In most instances the administration of substances which 
caused an increased citric acid output resulted in a decreased ascorbic acid 


TABLE [ 


Effect of Sodium and Potassium Citrate upon Ascorbic and Citric Acid Content of Rat 
Tissues 


The values are averages. Average weight of the animals used, 160 gm. 


Tissues analyzed Acid 7 (26 yore TY am 
sa 20 mg. per day 20 mg. per day 
meg. per em. mg. per gm. mg. per gm. 
Liver Ascorbic 0.671 0.369 0.149 
Citric 1.36 3.45 3.43 
Adrenals Ascorbic 12.75 1.24 7.54 
Citric 285 624 402 
Spleen Ascorbic 0.767 1.82 1.75 
Citric 14.84 86.10 113.1 
Kidneys Ascorbic 0.348 0.471 0.211 
Citric 6.72 76.0 17.2 
Intestine Ascorbic 0.365 0.522 0.171 
Citric 2.25 0.00 18.0 
Brain Ascorbic 0.434 0.180 0.100 
Citric 2.61 13.0 11.1 
meg. per cent me. per cent me. per cent 
Blood Ascorbic 2.9 2.2 3.7 
Citric 1.3 2.8 1.1 
mg. per day | mg. per day mg. per day 
Urine Ascorbic 1-1.5 0.1-0.2 0.25-0.5 
Citric 0.8-1.2 12-15 28-32 


excretion. An increased citric acid content in the tissues of the organs 
analyzed was also found in some cases to be accompanied by a decreased 
ascorbic acid content. On the other hand, when the basal diet was supple- 
mented with ascorbic acid, this was largely or wholly excreted and there 
was a decrease in citric acid excretion. 

This occurred when ascorbic acid was fed in large amounts alone or in 
the form of a laboratory preparation (synthetic orange juice, Table IT) 
which also contained citric acid and citrates. In the latter case the citric 
acid excretion was not depressed below the normal, but was definitely lower 
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than would be expected from the amount of citric acid and citrates in- 
gested. 

The alkalinity (recognized as a factor in increasing tissue content and 
excretion of citric acid) which is brought about by the feeding of sodium 
and potassium citrates and to a lesser extent by orange juice may have 
operated to decrease the amount of ascorbic acid present in body tissues 
and in the urine. However, the increased citric acid excretion brought 
about by supplementation with citric acid itself was likewise accompanied 


TaBLe II 
Effect of Various Supplements upon Citric and Ascorbic Acid Excretion 


Intake Output 
cninale acta ae Ascorbic Ascorbic tte 
asia itric acid ache Citric acid 
mo m mg. per day | mg. per day 
16 None, basal diet only 1.5 1.2 
14 Potassium citrate 11.8 0.28 32.1 
11 Sodium citrate 3.0 0.12 14.8 
6 Citric acid 7.28 0.68 7.3 
6 Ascorbic acid 23.0 18.0 0.52 
8 Orange juice (frozen) * 5.64 12.8 1.26 1.9 
8 S sia “ 5.50 16.0 1.32 7.6 
8 5.60 24.0 0.32 12.8 
S " - 3.40 32.0 0.30 17.6 
8 Synthetic orange juice 23.0 24.09 3.09 
Ascorbic acid 34.88 
Citric acid 7.28 
K citrate 16.6 
Na citrate 11.0 


* The citric acid intake was increased by increasing the amount of orange juice 
fed. The same sample of orange juice was used throughout and owing to losses in 
ascorbic acid the increased intake of orange juice did not mean an increase in ascorbie 


acid intake. 


by a decrease in ascorbic acid excretion. Further investigation of the vari- 
ous factors involved is necessary before any conclusions can be reached 
concerning interrelationships between ascorbic and citric acid. 


SUMMARY 


A modification of the Pucher, Sherman, and Vickery micromethod for 
citric acid determination is described. 

An investigation of the tissue content and excretion of ascorbie and 
citric acids in the albino rat suggests the existence of an inverse relationship 
between the tissue content and excretion of ascorbic and citric acids. The 
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increase of citric acid in some of the organs and in the urine brought about 
by feeding certain substances was accompanied by a decrease in ascorbic 
acid. On the other hand the feeding of ascorbic acid which was largely 
excreted was accompanied by a decrease in citric acid output. 


We wish to express our gratitude to Hoffman-LaRoche, Inc., for supply- 
ing the ascorbic acid used in this study and to Dr. M. G. Mellon of the 
Department of Chemistry, Purdue University, for assistance in determining 
the absorption spectrum of the pure pentabromoacetone. 
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A MODIFIED ANTIMONY TRICHLORIDE REAGENT FOR THE 
DETERMINATION OF CERTAIN STEROLS AND 
VITAMINS D, AND D;* 


Sirs: 


In 1940 a method! was reported from this laboratory for the spectro- 
photometric determination of vitamins D, and Ds. The new reagent 
developed for this method consisted of the well known antimony tri- 
chloride-chloroform reagent with the addition of acetyl chloride. When 
attempts were made to use this reagent with sterols, the results were un- 
satisfactory in that after the initial period of reaction, during which the 
color developed, the color did not stay constant for any appreciable time, 
as was observed when the acety! chloride modification of the reagent was 
used with vitamins D, and D;. Furthermore, the color change varied from 
one experiment to another. 

The suggestion was made by one of us (C. H. N.) that this difficulty 
might be due to the presence of pentavalent antimony. Accordingly, a 
reducing agent such as metallic zinc, tin, or antimony was added to the 
solution in an attempt to remove or to reduce the concentration of pen- 
tavalent antimony. When the antimony trichloride reagent containing 
acetyl chloride is treated with any of these metals, a reagent results which 
is satisfactory for the determination of cholesterol and other sterols as 
well as vitamins D, and D;. It develops no color with saturated sterols. 
Sterols with one double bond in Ring B give a yellow color having an 
absorption curve which slopes from the violet toward the red. Sterols 
with two double bonds in Ring B show a shallow maximum at 510 to 
515 my, while vitamins D, and D; have a pronounced maximum at 500 mu. 

The extinction coefficients E!%,, at the respective wave-lengths are of 
the following magnitude: sterols with one double bond (500 my) 2.2, 
sterols with two double bonds (provitamins) (515 my) 7.0, and vitamins 
D, and Ds; (500 mu) 1800. Double bonds in the side chain have no influ- 


* Journal series paper of the New Jersey Agricultural Experiment Strtion, Rutgers 
University, Department of Agricultural Biochemistry. 
' Nield, C. H., Russell, W. C., and Zimmerli, A., J. Biol. Chem., 136, 73 (1940). 
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ence on the character of the absorption curve or the magnitude of the 
extinction coefficient. 


Department of Agricultural Biochemistry A. ZIMMERLI 
New Jersey Agricultural Experiment Station Cyrit H. Nreip 
and Rutgers University WaLTerR C. Russet 


New Brunswick 


Received for publication, February 25, 1943 




















THE OCCURRENCE IN URINE OF A PROTEIN SOLUBLE IN 
TRICHLOROACETIC ACID 


Sirs: 


In the urines of a series of patients with proteinuria, from 4 to 20 per 
cent of the total protein has been found to be not precipitable by trichloro- 
acetic acid. To obtain the non-precipitable protein in approximately pure 
solution the albuminous urine was freed of extractives by 24 hour dialysis 
against tap water. To redissolve precipitated globulin the dialysis was 
finished against 0.2 percent NaCl. The precipitable proteins were pre- 
cipitated by 0.25 m trichloroacetic acid and the acid was removed from 
the filtrate by dialysis. That the material left in the solution is a protein, 
and has some of the properties of a globulin, is indicated by the following 
observations. 

1. It is not dialyzable through cellophane (Visking cellulose 27/32 
No Jax). 

2. It is precipitable by heat and acetic acid, and by half saturation with 
ammonium sulfate. 

3. The amount of the protein estimated by the colorimetric biuret 
method! agrees with the amount estimated by the Kjeldahl method as 
6.25 times nitrogen. 

4. Determination of the free amino nitrogen with nitrous acid? showed 
1.7 per cent of the total nitrogen in the form of free NH, groups in the intact 
protein, and 70 per cent after hydrolysis for 24 hours with 6 Nn HCl. These 
figures are within the range of those found for native proteins.* 

5. Determination of free a-amino acids by the ninhydrin-CO, method‘ 
gave an entirely negative result before hydrolysis, and showed 75 per cent 
of the nitrogen in the a-amino groups after hydrolysis. This behavior is 
also consistent with that of proteins.‘ 

6. When subjected to electrophoresis at pH 8.6 (sodium-veronal buffer) 
in a Tiselius apparatus, the protein migrated with a mobility only slightly 
lower than that of a-1-globulin of human serum, but higher than that of 
the a-2 fraction. 

7. The proteins in the urines of several patients were fractionated elec- 


1 Hiller, A., Proc. Soc. Exp. Biol. and Med., 24, 385 (1927). 

? Van Slyke, D. D., J. Biol. Chem., 88, 425 (1929). 

*Van Slyke, D. D., and Birchard, F. J., /. Biol. Chem., 16, 539 (1913-14). Van 
Slyke, D. D., J. Biol. Chem., 12, 295 (1912). 

‘Van Slyke, D. D., Dillon, R. T., MacFadyen, D. A., and Hamilton, P., J. Biol. 
Chem., 141, 627 (1941). 
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trophoretically. The amounts found in the a-1-globulin fraction approxi- 
mated the amounts not precipitable by trichloroacetic acid. 

The presence of this protein may account for some of the discrepancies 
in protein determinations between methods involving trichloroacetic acid 
precipitation and methods not involving such precipitation. 

Further observations indicate the presence of this protein or a similar 
one in human plasma. 

The Rockefeller Institute for Medical Research Wituram W. Beckman 

New York Atma HILLeR 

THEODORE SHEDLOVSKY 
ReGinatp M. ArcHrBa.p® 


Received for publication, March 17, 1943 


5 Fellow of the National Research Council, Division of Medical Sciences. 

















THE MECHANISM OF DEAMINATION OF SERINE BY 
BACTERIUM COLI* 


Sirs: 


The possibility of the existence of a metabolic link between phosphatidyl 
serine! and the other phospholipids prompted a study of the action of the 
amino acid deaminase system present in resting suspensions of Bacterium 
coli on the serine phosphatide fraction from beef brain. The preparation 
used had the following analytical figures: P 3.57, N 1.69, amino N 1.67, 
amino acid N 1.37, iodine value 72. 

The bacteria, although very active in the deamination of both d- and 
l-serine,? failed to attack phosphatidyl serine which contains the hydroxy- 
amino acid in ester linkage via its hydroxyl group. The importance for 
deamination of the free serine hydroxyl group is further borne out by the 
failure of the bacterial enzyme system to act on the following serine deriva- 
tives: l-phosphoserine, dl-O-methyl serine, dl-O-ethyl serine. (Weare highly 
indebted for these substances to Dr. F. Lipmann, Dr. H. E. Carter, and 
Dr. V. du Vigneaud respectively.) 

We find, in agreement with Stephenson and Gale,’ that whereas Bac- 
terium coli deaminates serine under aerobic and anaerobic conditions? 
alanine is attacked only aerobically. On the basis of the findings outlined 
above, it may be assumed that the deamination of serine and that of alanine 
do not proceed by the same path. It is, moreover, noteworthy that the 
alanine oxidase of Bacterium coli appears to be unable to act on the O-ethers 
and esters of serine. A reaction mechanism that takes into account the 
necessity of the free serine hydroxyl group for the deamination of serine 
could be formulated as follows: 


OHCH,-CH- COOH ==, CH.=C:-COOH ——> 


NH, NH, 


H 
cu,-c-coon +2, cH,-co-cooH + NE 


NH 


a _—— $$$ $$ 





* This work has been supported by a grant from the John and Mary R. Markle 
Foundation. 

1 Folch, J., and Schneider, H. A., J. Biol. Chem., 187, 51 (1941). 

? Gale, E. F., and Stephenson, M., Biochem. J., 32, 392 (1938). 

* Stephenson, M., and Gale, E. F., Biochem. J., 31, 1316 (1937). 
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It has, in agreement with the postulated mechanism, been possible to 
isolate pyruvic acid as the product of the deamination of serine by Bacterium 
coli. In a typical experiment, 3 gm. of wet bacteria were suspended in 
25 ec. of water and shaken with a small amount of toluene for 5 minutes, 
Following the removal of the toluene, the bacterial suspension was added 
to a solution of 500 mg. of di-serine in 25 ec. of 0.1 m phosphate buffer of 
pH 7.4 and the mixture shaken for 2 hours at 38°. After centrifugation, 
10 ce. of 30 per cent trichloroacetic acid were added to the supernatant. 
The addition to the filtered solution of 400 mg. of 2,4-dinitrophenyl- 
hydrazine in 50 ce. of 2 N HCl produced the precipitation of 227 mg. of the 
lemon-yellow pyruvic acid 2,4-dinitrophenylhydrazone. After two recrys- 
tallizations from ethyl acetate the substance melted with decomposition 
at 215° and showed no depression of the melting point on admixture of an 
authentic specimen of this hydrazone. Found, C 40.27, H 3.05, N 20.70; 
calculated for CyHsOgN, (268.2), C 40.30, H 3.01, N 20.89. In parallel 
experiments with di-alanine no hydrazone was precipitated. 

These studies, including experiments with mammalian tissues, are being 
continued and will be presented in detail at a later date. 


Department of Biochemistry ERWIN CHARGAFF 
College of Physicians and Surgeons Davip B. Sprinson 
Columbia University 
New York 


Received for publication, March 17, 143 




















A NEW STEROID GLUCURONIDE FROM HUMAN URINE 
Sirs: 

From the urine of a young girl showing masculinism! we have obtained, 
by the Venning method,’ a material which is not sodium pregnanediol 
glucuronide (NaPG). The excretion of this material has been followed 
for nearly 3 years at monthly intervals, the amount varying from 0 to 
100 mg. per 24 hours. 

The substance is obtained on recrystallization from 95 per cent alcohol 
as fine white granules, in contrast to the platelets of NaPG. It is more 
difficultly soluble in 95 per cent alcohol than NaPG but more soluble in 
water. It melts with decomposition at 267-269°. Qualitative tests show 
sodium but no nitrogen or sulfur. It does not reduce Benedict’s solution 
until after hydrolysis. By the method of Allen and Viergiver® the amount 
of reduction is the same, within the limit of error, as for NaPG. It gives 
a positive Tollens naphthoresorcinol test for glucuronic acid, differing from 
NaPG in that the aqueous phase has a greenish yellow color (not fluores- 
cence). In high concentrations the amount of ether-soluble color is far 
less than that given by an equal weight of NaPG, but by the method 
of Maughan et al.‘ the amount is only slightly less with the low concentra- 
tions employed therein. However, with but 0.6 cc. instead of 2 ec. of water 
and higher concentrations, the Maughan modification shows the same 
markedly lowered color of the ether phase as in the usual Tollens proce- 
dure. The color of the aqueous phase is the same in either test with any 
concentration so far tried, and is due to the action of the reagents on the 
free steroid. 

We have obtained the free steroid on hydrolysis by the method of Ast- 
wood and Jones.’ It is more labile to acid hydrolysis than pregnanediol. 
The Beilstein test for halogen is negative. The steroid is very soluble in 
acetone and methanol, less soluble in toluene, and precipitates from dilute 
alcohol more slowly than pregnanediol. While no procedure thus far has 
been found entirely satisfactory, recrystallization from toluene has been 
found superior to that from aqueous acetone or aqueous methanol. The 
melting point of the best samples obtained is 212-213° (corrected). The 
material is fully saturated by the Rosenmund-Kuhnhenn procedure, is not 


' Case J. W. of Dr. John W. Shirer; to be published elsewhere. 

? Venning, E. H., J. Biol. Chem., 119, 473 (1937). 

* Allen, W. M., and Viergiver, E., J. Biol. Chem., 141, 837 (1941). 

‘Maughan, G. B., Evelyn, K. A., and Browne, J. S. L., J. Biol. Chem.. 126, 567 
(1938). 

* Astwood, FE. B., and Jones, G. E. 8., J. Biol. Chem., 187, 397 (1941). 
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precipitated by digitonin, and responds negatively to the Kiagi-Miescher* 
test for 17-hydroxyl. It gives a light yellow color in the Liebermann- 
Burchard reaction. Treatment with lead tetraacetate’ failed to reveal a 
1,2-glycol structure on the side chain. On treatment with Girard’s 
Reagent T, the material appears in the ketonic fraction. An acetate, 
m.p. 192-194°, and an oxime, m.p. 223-225°, have been prepared. The 
free steroid gives a feeble Zimmermann reaction. Oxidation with chromic 
anhydride in acetic acid, however, yields a product, m.p. 199-200°, that 
gives more color. On examination of the color produced by 50 y in 
the Pincus*® modification of the Zimmermann reaction with a Coleman 
universal spectrophotometer, the curve of the steroid appears to be that 
of a 20-ketosteroid, while that of the oxidation product resembles the curve 
of a 3-ketosteroid. Hence, tentatively, it may be said that the original 
steroid possesses an a-OH group at position 3 and a ketone group at 
position 20. 

Further characterization and ultimate analyses will be reported when 
feasible. 


Department of Physiological Chemistry HERBERT 8. STRICKLER 
School of Medicine C. Boyp SHAFFER 
University of Pittsburgh Donatp A. WILSON 
Pittsburgh EVELYN W. STRICKLER 


The Endocrine Laboratory 
Elizabeth Steel Magee Hospital 
Pittsburgh 


Received for publication, March 15, 1943 
6 Kagi, H., and Miescher, K., Chem. and Ind., 57, 276 (1938). 


7 Criegee, R., Ber. chem. Ges., 64, 260 (1931). 
§ Pincus, G., and Pearlman, W. H., Endocrinology, 29, 413 (1941) 
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DESTRUCTION OF VITAMIN Bs (PYRIDOXINE) BY LIGHT 


Sirs: 
In the course of our investigations of chemical and microbiological 
methods for the determination of pyridoxine, a marked instability of the 


Destruction by Light of Pyridoxine in Aqueous Solution 











Irradiation* | Pyridoxine 
| Calculated : . A 
Period pH Type trem oie By a _ 
hrs ¥y per cc. | sy per ce. y per cc. 
0 6.8 Artificialt 25 25 25 
6.8 7 | 2 | 2 
4 6.8 a 18 | 18 
4 6.8 ’ 12 } 12 | 14 
20 6.8 “ 5§ 4 
52 6.8 “ 0.8§ | 0.3 0.1 
0 6.8 Natural || 25 25 25 
12 6.8 ss 17 | 17 
24 6.8 ee 13 | 13 : a 
36 6.8 es 11 ll 
9 6.8 Artificial 12 12 a 
9 1.0 “ 24 24 | 22 
9 13.0 ° | 208 11 | 12 





*The temperature for the artificial irradiation varied from 35-40° and for the 
natural irradiation from 15-20°. Controls in the dark at 90° for 24 hours showed no 
pyridoxine loss. 

+ Absorption curves were obtained for all of the solutions, adjusted to pH 6.80. 
The extinction coefficients were calculated from the values for maximal absorption 
at 324 my. 

t In the irradiation experiments with artificial light the solutions were exposed in 
an open beaker 8 inches below a 300 watt bulb mounted in a white reflector. 

§ Distorted absorption curves were obtained for these solutions owing to the 
presence of decomposition products which also absorbed in the ultraviolet region. 

| In the irradiation experiments with natural light the solutions were exposed to 
bright diffuse daylight. 

€ This solution showed considerable color development with the 2,6-dichloro- 
quinone chloroimide reagent. However, much of this color was found to be due 
to compounds other than pyridoxine; correction for this was made according to a 


technique to be described. 


vitamin to light was noted. This phenomenon, also observed by Atkin 
and associates,' was investigated quantitatively in the present study by 


1 Atkin, L., Schultz, A. S., Williams, W. W., and Frey, C. N., Ind. and Eng. Chem., 
Anal. Ed., 15, 141 (1943). 
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physical, chemical, and microbiological methods of assay. The resultg 
are given in the accompanying table. 

Rapid destruction by light of the vitamin in neutral and alkaline soly- 
tions is apparent from the values obtained by all three methods. Op 
the other hand, little loss of pyridoxine is observed in 0.1 N hydrochlorie | 
acid (pH 1.0). 

The spectrophotometric measurements were conducted in solutions 
buffered at pH 6.80 with a Beckman spectrophotometer.2 A modifica. 
tion of the chloroimide reaction* adapted to the Evelyn photoelectric 
colorimeter was used for the chemical tests. The microbiological pro- 
cedure involved turbidimetric measurement of the growth-stimulating | 
property of pyridoxine on a special strain of yeast; a modification of the 
method of Williams, Eakin, and McMahan‘ was used. Details of the 
chemical and microbiological methods will be published shortly. 

The present findings on the instability of pyridoxine to light have 
important practical applications in assay, nutritional, and chemical 
studies with this vitamin. Since no measurements were made to deter- 
mine the effect of irradiation in the absence of oxygen, it is not certain 
whether the loss is due to light as such or to a photocatalvzed autoxidation, 
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